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ABSTRACT ^*o '**
Thirteen wells from five fields (one in the Great Artesian 
Basin of Australia and four from the different geographic and 
geologic provinces within the continental United States) were 
used in arriving at the conclusions in this paper.
"Ratio” and "cross-plot" techniques for determining 
hydrocarbon saturated zones were briefly reviewed. The effect 
of the choice of parameters (At^, pa, and m) on the distribu-m o
tion of parameter P derived from well logs (Porter, 1968) 
were investigated for water and water + hydrocarbon saturated 
zones. The effect of the arbitrary choice of the parameters 
in assigned reasonable intervals on the shape of distribu­
tions was found very small and ignorable in the practical 
sense. The effect of the choice on the standard deviations 
of the normal distribution of the parameter for water 
saturated zones was employed to determine a new and improved 
technique (Standard Deviation Circles Technique) for esti­
mating Atm and/or ps and m.
The standard deviation circles technique, involving the 
standard deviations of incremented normal distributions due 
to arbitrary changes on the parameters (Atm and/or ps, and 
m), gives reasonable estimates of the true parameters for 
predominantly water-saturated zones.
Statistically speaking, only two samples (parameters P)
iii
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are required to calculate the standard deviations, one from 
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General Review of the Statistical-Ratio Method 
for Determination of Water Saturation From Logs
Determination of water saturation (that portion of a
rock’s pore space which contains water) is fundamental to 
application of well log analysis in petroleum exploration.
Existing techniques for estimating water saturation 
depend on relations among saturation, bulk resistivity, 
porosity, and water resistivity (Pickett, 1966). The 
empirical equation relating these quantities is
£ t 0 m = I  (1)Rw
which is a form of the general "cross-plot" equation
Log R^ = -m Log 0 + Log Rw .+ LOg I (2)
where R^ = true formation resistivity, ohm-m
m = cementation exponent
0 = porosity (fractional)
Rw = resistivity of water (in rock pores), ohm-m
— n1 = resistivity index = Sw , Sw being the water
saturation and n the "saturation exponent"
In terms of porosity tool responses, a parameter P 
was defined by Porter (1968) by the following relations
1
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Rt5—  (At-Atm ) 
w
(Sonic* Log) (3)
m m~  (ps-pb) = (ps~pf) lEPd (Density Log)w
(4)
f MD 0Log —  + m —  = m + Log lEPn (Neutron** Log) (5)
w
where At = sonic log response, psec/ft
Atm = matrix travel time (matrix reciprocal velocity, 
psec/ft
B = a constant (slope of graph At versus 0)
Pb = density log response, gm/cc 
p£ = fluid density, gm/cc 
ps = grain density, gm/cc
ND = neutron deflection read from the log 
C = ND at 100$ porosity
D = a constant (slope of graph ND versus log 0)
(Pickett, 1966).
Mr. Porter’s statistical investigation of the fre­
quency distribution of the parameter P considered the two 
general cases:
(a) I = 1.0 (water saturation = 100$)
(b) I > loO (water saturation < 100$)
*The relation is in terms of the sonic log response equation 
empirically established by experience in consolidated rocks.
**The relation is in terms of the "thermal" neutron log 
response equation which is often observed empirically in 
some porosity range of practical interest. The "epi- 
thermal" neutron log will require a different functional 
form between porosity and log response.
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The results of the investigation can be summarized
as:
1 - Frequency histograms constructed for the P param­
eter from 100# water saturated zones indicate that
they may follow either a log-normal or a square- 
root-normal distribution. The 1? ("Chi-squared") 
test confirms the fact that the assumption of a 
square-root-normal distribution shows a better fit 
between expected and observed distributions.
2 - In the presence of hydrocarbon bearing zones the
distributions are distorted at the right tail 
(Figure 1). This effect is also plainly indicated
pby high values of the X test.
3 - A similar test for hydrocarbon bearing zones alone
does not reveal a recognizable distribution.
pTherefore, it appears.that a X analysis of P 
parameter affords a definitive technique for . 
recognition of the presence of hydrocarbon bear­
ing zones.
p4 - Ratio Test: A X test requires at least thirty
zones to be statistically significant. In many 
practical situations, only a few contiguous zones 
may be available in a geologic section of interest. 
Since the square-root transformed P parameter seems to 















a - For water bearing zones, distribution is normal.
Px^ dr LogPx
b - For water + hydrocarbon bearing zones, the distribution 
is distorted at the lower tail.
Figure 1. Schematic representation of the frequency dis­
tributions of P^ or log P.
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saturation, the symmetry associated with such distributions 
offers another practical approach to the problem.
The basic idea of the ratio test to compare two guesses
affected by the hydrocarbons, if present, and the other 
will be essentially totally determined by the water bear­
ing strata. Thus, if the two estimates of the mean are 
roughly the same, the inference is that water saturation 
for all zones considered are 100$, while a sizable discrep­
ancy between these estimates of the mean will indicate the 
presence of hydrocarbons in at least one zone among those 
considered.
hIf the average values of P in arbitrary but equal 
percentages of the two tails of the distribution curve for 
zones with 100$ water saturation are designated as Pu and 
PL (see Figure 2), then
—where P is the mean value of P 2 for all values of P.
Likewise, for zones with 100$ water saturation, if the 
average value of P 2 for all remaining P rs not in the tails 
is Pr, then
of the mean of P 2 distribution, one of which will be
Pr P (7)
Therefore, if the ratio RY is defined as
Pu+PL (8)
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p   Pu +■ PI   |R~ IP
1/2
1 >
Ratio Technique Princ ip le  
F IG U R E  2
( after Porter, 1968)
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then RY = 1 when P 2 follows a normal distribution, i.e.
RV = 1 when only zones with 100$ water saturation are pres­
ent.
If hydrocarbon bearing zones are included together with 
the zones which have 100$ water saturation (lower part of 
Figure 2), the symmetry of the normal distribution will be 
disturbed (increasing Pu and influencing Pr to a lesser 
extent), and since P^ for hydrocarbon bearing zones will 
probably be larger than P% for 100$ water saturation, the 
ratio RV will be larger than unity, i.e. RV > 1 when hydro­
carbon bearing zones are present.
Calculation of the parameter P and of the ratio RV 
requires that numerical values be assigned to the quantities 
m ("cementation exponent") and either Atm ("matrix At") or 
ps (grain density). In nature these quantities usually 
exhibit a value within some finite- range characteristic of 
the "rock type." In PorterTs study, independent data were 
used to derive these values. In practical situations, such 
independent data is often not available or inconvenient to 
derive.
Therefore, the objective of this study is to determine 
the effect of the choice of the parameters Atm , ps and m on 
the distribution of the parameter P (defined above) and on 
the effectiveness of the ratio test (described above) for 
inferring water saturation. Such a study, if successful,
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could obviously be of great aid in understanding and improv­
ing the statistical approach described above to the water 
saturation problem.
Present Methods for Determining the Parameters Atm , ps and m
Equations 3 and 4 can be expressed conveniently for 
cross-plotting by the following equations:
Log Rt=-mLog(At-Atm )+mLog B+Log Rw + Log I (9)
Log Rt=-mLpg(ps-pb)+mLog(ps-pf)+Log Rw + Log I (10)
Equations 9 and 10 show that a log-log plot of Rt vs 
(At-Atm ) or (ps-Pb) will exhibit a straight line of slope 
minus m for zones with constant water resistivity and con­
stant I, provided the right choice of Atm or ps is made*
If this type of plot (Figure 3) is made for a long series of 
intervals, a linear group of points can usually be found to 
define the 100$ water saturated intervals. In fact, the 
slope of the water bearing line defines m. Then, for a 
fixed porosity, any points on the plot which fall at higher 
resistivities have I fs (I = equal to the ratio of
their resistivities to the resistivity on the water-bearing 
line at that porosity (Pickett, 1966).
Atm (matrix reciprocal velocity at zero porosity) is 
usually estimated by either


















































(b) finding that value which produces the most linear 
plot of log R^ vs log (At-Atm ) for zones with
Sw = 100$ (see Figure 4).
ps (grain density) is usually estimated by either
(a) a direct calibration of the density log with core 
data, or
(b) finding that value which produces the most linear, 
plot of log vs log(ps-pt)) for zones with
sw = 100% (see Figure 5).
Once the value of Atm or ps has been selected, m is 
determined by the slope of the "average" trend on the
appropriate log-log plot taken to represent zones with
Sw = 100%.
. Although cores may sometimes be available, more often 
cross-plots from wireline logs are used. Usually the 
cross-plots for zones with Sw = 100% present a significant 
scatter. In the presence of such scattering selection of an 
average line on the cross-plot to represent zones with 
Sw = 100% and to thus estimate Atm or ps' as shown in 
Figures 4 or 5 can be very difficult. Experience, skill 
and luck of the interpreter play an important role in such 
cases..
Definition of a New Parameter, Px
In his study, Porter selected values of m, Atm and ps 













LogRt vs Log(At-Atm )
slope = -m
assumed value of At. 
too small





LogRt vs Log(ps-pb )
slope « -m
assumed value of p 
too large






data (see’“Selection of Data"), he found that for the At , 
pg and n^s listed (Table 2), he got approximately normal 
distributions in as previously defined.
This suggested that a philosophy be adopted for this 
study that there is an ideal, optimum or "true" value of 
each of the parameters (Atm , p , m) which when used with 
measured R̂ .f s, f s, and At's, will yield a normal distribu­
tion in for zones with STT = 100$.
A new parameter Pv can be defined to be the quantity
Rt(At-A)E = Pxs, (11)
or Rt (G-pb )E = Pxd (12)
where A, E, and G are arbitrarily selected to fall in the 
appropriate range for Atm , m, and pg observed in practice. 
When A = “true” value of Atm , E = "true" value of m,
G = “true" value of ps,
as defined by Porter (with attendant properties such as a 
normal distribution in P^ for zones with Sw = 100$,)*
Objectives of Study
(a) Investigation of the distribution of Px parameter 
and the effects of choice of the parameters (Atm , ps, and m) 
on such distribution.
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(b) Prom the characteristics of the distributions 
effected by choice of the parameters} to determine new and 
improved techniques for estimating right choice of the 




1. Porosity tool responses* (readings from logs).
At from sonic log (in micro sec/ft)
pb from density log (in gm/cc)
2. Formation resistivity readings from logs (in ohm-meters),
RA - Rt (true formation resistivity)»
3. Values of parameters, Atm , ps, and m, estimated by 
"present" techniques for comparison of the results 
of analysis.
Selection of Data 
Porterfs (1968) data which had been chosen in the way 
to satisfy the prerequisites (given below) for an investi­
gation of this type were employed.
1 - Non-shaly zones as indicated by S.P. log and/or
gamma ray logs.
2 - Zones predominantly water saturated.
3 - Usually some zones within the same well with vary­
ing amounts of hydrocarbon saturation, as established 
by independent means such as production tests.




4 - Zones used together as a statistical sample should 
be from the same rock type, i.e. same lithology,
Rw , etc.
Data which satisfy the prerequisites 1, 2, and 4 can be 
defined as "nicely behaved" data for the zones with Sw = 100$.
Selection of the data from various areas is shown 
schematically in Table 1. The parameters estimated by 
"present" techniques are given in Table 2.
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Table 1. Characteristics of zones in areas chosen
(x, and - means presence, and absence respectively)
CASE 
Area §




1 Illinois Basin Cretaceous 1,2 Sandstone X
2 Gulf Coast Miocene 1,2,3 Sandstone X
3 Queensland, , Australia
Devonian 1,2,3 Sandstone X
4 Montana, N.W Cretaceous 1,2 Sandstone X
5 WillistonBasin
Silurian 1,2,3 Carbonates X








1 1 2.1 50 — ..
2 1.9 — 2.65
2 1 1.6 55 2.68
2 1.6 — 2.68
3 1.6 — , 2.68
3 1 2.2 50 —2 2.0 50 —
3 2.1 50 ——
4 1 2.0 55 ——
2 2.0 55 ——
5 1 2.0 422 2.0 42 —











INVESTIGATION OF THE EFFECTS OF THE CHOICE.
OF THE PARAMETERS (Atm , ps, AND m) ON 
FREQUENCY DISTRIBUTIONS OF Px, Px^, LOG Px
Empirical Approach
Intervals of parameter values, within which guesses of 
the parameters relative to the "estimated" values* would be 
used, was assigned for every example in Table 1 by the help 
of Table 2. The intervals used were
Atm (estimated) ± 10 psec/ft 
ps (estimated) ± 0.10 g/cc
m (estimated) ± 0,3
Within these intervals seven guesses of each parameter 
were chosen (including the estimated value) for every data 
set (example) employed by Porter. In general the estimated
value was the middle value of the interval. were then
computed for the possible parameter pair guesses, i.e. a 
matrix form, in which m values in the given interval are 
columns, and zones of interest are rows, were used for 
every Atm or ps (in the chosen interval) in every example 
(well). The assumed matrix form to calculate Px !s is given
*In the following discussions the term "estimated" will be 
taken to mean the value of a parameter (Atm , ps, and m) 
estimated independently by the "existing" techniques 
described previously. In general, this will mean that the 
value taken by Porter was used.
17
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in Figure 6, where i = .1 j . 2,. . .,7 refers to Atm or Ps
J = 1 2 n refers to zones (rows)
k = 1 j 2.j i * .,7 refers to m* s (columns).
mi
ZONES. J ml m2 m3 .... . m7
1 Pxll Pxl2 Pxl3 .... . Pxl7
2 Px21 Px22 Px23 .... . Px27Atm^ or
















Figure 6. Schematic representation of the matrix used
to compute Px T s in a given Atm or Ps interval.
Considering every column in the matrix as a "statistical 
sample," frequency distributions and their characteristics, 
mean, standard deviation, and moment coefficients of skew­
ness and kurtosis, were determined. In general, ten class
pintervals were employed in every sample. Then the X test
(Chi-squared) was performed to examine the degree of normal
fit between observed frequencies and expected frequencies
(theoretical frequencies of normal distribution) with 7
odegrees of freedom. If the computed value was less than 
the given critical values,
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X2.95 = 14 
X2.99 = 19
at the .05 and .01 significance levels respectively$ the 
hypothesis (observed distribution is normal) was accepted 
or at least not rejected (Speigel, 1961).
Following Porterrs (ref) approach, a weighting proced­
ure was not attempted although the data has unequal 
sampling intervals (various bed thicknesses).
1,The same procedure was repeated for Px 2 and log Px 
values. Computations were performed by the .help of a com­
puter package written especially for the investigation 
described (Appendix B).
Results of the Investigation for Water Saturated Zones Only
p(a) For the Estimated Parameters: X values (computed)
showed a fit
very close to normal for Px,
isnormal for Px 2a 
normal for logPx 
between observed and expected frequencies (Table 3) in general 
for all examples. The number of accepted hypotheses (dis­
tribution is normal) as a percentage of total number of 
examples is given below:
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2Table 3. X values for estimated parameters for water 






1 1 13.13 7.52 7.89
2 D 7.83 5.84 5.47
2 1 D 12.28 (14.31) 13.55 (6.46) 14.96
2 D 21.73 7.35 14.00.
3 D 14.34 14.96 11.01
3 1 8.34 3.74 0.78
2 0.11 0.42 0.11
3 2.94 0.80 0.97
4 1 8.50 37.20 12.25
2 12.71 7.42 5.29
5 1 .4.-71 0.74 5.43
2 9.62 4.18 4.14
3 7.10 1.16 1.84
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Table 4. Accepted hypotheses in percentages, for computed
parameters •
Px logPx hP X
X2.95 .70 .86 .86
X2.99 .86 .93 .93
Hence, from the results in Table 4, the degree of 
normal fit is the same for Px 2 and logPx, and not as good 
for Px . Also, the coefficients of skewness and kurtosis 
(Speigel, 1961) are very close to those of normal distribu­
tion, i.e. a3 = 0 and a4 = 3  respectively (see Appendix A-l, 
where A3 = coefficient of skewness (computed), A4 = coef­
ficient of kurtosis (computed) - a4).
(b) For the Assigned Values of the Parameters in the Given 
Intervals: The computer calculated values of mean, standard
deviation, A3 and A4 (as described in the previous part, (a)), 
are given in Appendix A-l. In general, the changes in Atm , 
ps, and m do not affect the main character of the distribu-
ption of Px , Px %  and logPx , "normality" that is, in the
passigned intervals of parameters as plainly seen m  X 
values in Appendix A-l. Also, the changes in A3 and A4 are 
in the range of "normal" values.
The mean values increase, or decrease continuously with 
the increasing parameter values, i.e. there are no irregu­
larities in the change of means of Px , Px^a and logPx due to
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the changes in the parameters. This continuous change is 
not linear (Figure 7).
The change in standard deviations is an increase or 
decrease in general manner (as described above); but* it 
presents some irregularities (maximums, minimums, or inflec 
tion points). Usually, one of these irregularities is 
around the estimated parameter. This seems to be a promis­
ing indication that the "true" parameter for the rock type 
used might be determined by a plot of changes in standard 
deviations versus changes in parameter (Atm , pg, or m). 
However, in most of the examples, the irregularity around 
computed parameter value (in the plots described above) 
does not have any significant characteristic different than 
those of other irregularities in the given interval of 
parameter change. Therefore, it is very difficult to 
determine this particular point (irregularity) without 
independent knowledge of the estimated parameter. This 
situation is shown schematically in Figure 8. But, a 
mathematical investigation of these changes in standard 
deviation values might reveal more useful facts which can 
be efficiently used in determination of "true" parameters 
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Results of the Investigation for 
Water + Hydrocarbon Saturated Zones
(a) For the Estimated Parameters: The presence of hydro-
2carbon bearing zones affects the X test greatly, producing 
high test values provided that the number of hydrocarbon 
saturated zones in the interval under investigation is not 
small compared to the total number of zones, i.e. more 
than 10# of total number of zones (see Table 5)» The dis­
tributions are no longer normal, statistically speaking.
2The presence of hydrocarbon bearing zones affects X
test for Px , Px %  and logPx significantly (Table 5). With
high X^ test values in the presence of hydrocarbon bearing
zones, Px , Px 2j and logPx can be employed in detection of
2such zones, in general, by X test.
(b) For the Assigned Values of the Parameters in the Given 
Intervals: The results of this investigation are given in 
Appendix A-2. The changes in the given parameter interval
pdo not effect X values for estimated parameters m  great 
deal.
Hence, Px values, computed for any pair of parameters
in a physically reasonable interval of the parameters, can
obe used in detection of hydrocarbon bearing zones by X
T 131.4 25
Table 5. X . values for estimated parameters for water + 
hydrocarbon saturated zones (D refers to. 
density log),






1 1 28.23 .7.86 11.45 23.80
2 D 10.53 5.87 3.30 10.90
2 1(D) 14,9.10(112. 06) 45.48(78. 85) 64.36(121 .53) 20.00
2 D 218.44 58.88 218.54 36.00
3 D 65.39 32.90 34.56 30.30
3 1 16.49 3.35 3.85 7.00
2 6.25 8,04 3.21 10.80
3 22.00 3.98 6.72 16.00
4 1 42.18 18.32 22.91 33.00
2 23.98 10.97 22.04 13.70
5 1* 5.04 1.14 • 0.10 , 00.00
2* 20.99 7.17 10.14 00.00
3 105.91 10.50 63.01 41.66
*These examples do not have hydrocarbon bearing zones. 
Tests were repeated by adding more water saturated 
zonesy i.e. there was an increase in the number of 
water saturated zones.
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test without previous knowledge of the true parameters,
provided that the total number of zones is greater than 31
2(as a practical matter a X test requires at least 30 
zones to be statistically significant), and the number of 
hydrocarbon bearing zones is not a few; i.e., more than 
10$. of total number of zones.
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MATHEMATICAL INVESTIGATION OF THE EFFECTS OF THE 
CHOICE OF THE PARAMETERS ON THE STANDARD DEVIATION OF THE 
DISTRIBUTION OF Px FOR WATER SATURATED ZONES
Redefinitions
Equations (11) and (12) can be redefined in a more con­
venient form for the mathematical development to follow, 
i.e., let
With arbitrary changes in t and m, (14). is a function
of t and m only for a point in cross-plot with constant R
and Atm or ps .
The first partial derivatives of (14) with respect to




T = (At-Atm ) or (p's-pb )
P = P r rx
t = Atm or P s
Theory
(15)
= RTmlnT = PlnTO ill (16)
27
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The second partial derivatives of (15) and (16) with 
respect to m and t, respectively are
3 L + m I £  (1?)3t3m T T 3ni
or from (16).
= l 11 + mlnT} (18)
and
=* InT + P I (19)3m 31 3t T K
or from (15)




if all: derivatives are continuous and the order of differ­
entiation is immaterial.
The "partial increments" are given by
3PA-jP = —  At + e ^ t  (22)
and
A2P = (23)
where e-̂  and e2 approach zero respectively with At and Am.
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The principal parts of the increments, are called ,fpartial 
differentials” (Schelkunoff, .1965).
d ip = H  ^  = H dt
8 P 3P
d2p = 3m Am " 3S dm (25)
The "total" or "complete" differential is the sum of
all partial differentials; thus in the case of two variables
(t and m)
r) P ?)PdP = d-,P + d2P = dt + |~ dm (26)
The "complete Increment" of P
AP = R(T+AT)m+Am - RTm (27)
is not the sum of the partial increments. However, in the 
case of small increments
AP * dP - || dt + || dm (28)
The ratio of dP to P for small increments is called "error."
Inserting (15) and (16) into (26)
dP = P ~ dt + PlnT dm (29)
and
dP - m (30)—  “ - dt + dm InT - error
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Assuming m and t constant respectively (30) becomes
error^ (31)
P dm InT = errorp (32)
In the case of sonic log.response, the same line of reasoning 
is true starting with the minus signs in (15) and (16).
It was concluded from the previous statistical analysis 
that P (Px) had a normal distribution, and the distribution 
stays normal or very close to normal with the changes in t 
(Atm or ps) and m in proper interval of parameters.
With an increment, dP, P values become
pt = p + dP (33)
With the assumption that the distribution of P f values
is still normal, the mean and variance of P 1 is given 
respectively by (for a normal distribution)
pi = p + dP (34)
and
s »2 _ p * 2 _ p 12 (35)
= (P+dP)2 - (P+dP)2
= (P2+2PdP + (dP)2)~(P + dP)2
s ’2 = P2 + 2PdP + (dP)2 - P2 - 2P dP - dP2
s f 2 = p2_P2 + (dp)2 - dP2 + 2(PdP - P dP) 
s ’2 = s2 + (ds)2 + 2(PdP - P dP) (36)
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where
2 9 — 9s = P^-P^ = The variance of the distribution of P
for "true" parameters
(ds) =:(dP)2-dP^ = The variance of increments of P,
assuming the distribution of the 
increments due to an arbitrary 
change in t or m is normal,
PdP - P dP = Covariance term between P and dP 
(increments)„
Because the "true” P values are random it can be said 
that dP increments are also random. If true P values and 
dP are assumed independent»
PdP = P d P
in the case of such independency the covariance term in (36) 
is zero (Johnson and Leone, 1964, p, 47* 53)* then
s '2 = p2 _ p2 + (dP)2 - dP2 
s ' 2  = s2 + (ds)2
(37)
(38)
The standard deviation of P 1 is given by 
s2 + (ds)2t = (39)
Relation (39) can be described schematically as shown in 
the figure below, where s' > s»
ds
s
Figure 9, The relation between standard deviations, in the 
case that s1 > s.
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The standard deviation, s, is constant with the assump­
tion that P values due to the true parameters (i.e. estimated 
parameters).
(a) For the "true" value of m :
Equation (29) becomes
where dt = t* - t, . t 1 = arbitrary (incremented) parameter




d-,P2 = m 2 (|)2 (dt)2 (42)
Inserting (41) and (42) into (37)
(43)
t = "true” parameter, constant
From (38)





Hence, the relation between dt and ds is linear with a 
constant slope, .
d1s = adt (46)
where a = m Spp
Also, for partial increments (22), equations (37) and 
(38) become
s^2 = P2 - P2 + (A^P)2 - A^P2 (47)
and
' S;2 = s2 + (A-^)2 (48)
Using the same line of reasoning as before, (43) becomes
s;2 = s2+m2(At)2{s|p + e2 - "e2} (49)
or
s^2 = s2+m2(At)2{s2p + se2} =s2+m2(At)2s2pe (50)
2 2 — 2 2 2 ?where se-̂  = e£-e1 and s£pe “ sTp + se£ .
Then,
mAt sTPe = ApS (51)
or
ApS = aAt
where a = rnsmr>TPe
The relationship is linear with a constant slope, a.
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(b) For the ,ftr.ue,f. value of t (Atra or ps) :
Equation (42) becomes 
d2P =, PlnTdm (52).
and
d p 2 = PlnT2(dm)2 (53)
(d2P)2 = (PlnT)2(dm)2 (54)
also, inserting (53) and (54) into (37)
2
and
si = s2 + (dm)2 {(PlnT)2 - PlnT2} (55)
(dm)2 {(PlnT)2 - PlnT2} = (d.s)2 (56)
where dm = _m*-m, m f = arbitrary (incremented) parameter
m = "true" parameter, constant.
Also,
d2s = dm sLN = b dm (57)
where sTM = {(PlnT)2 - PlnT2}'1*LN
= sr..LN
Hence, the relation between dm and d2s is linear with 
a constant slope, b.
Also, for partial increments (22), equations (37) and 
(38) become
s'22 = P2 - P2 + (i2P)2 - A2P2 (58)
and
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s'22 = s2 + (A2s)2 (59)
Using the same line of reasoning as before, from (43)
Sg2 = s2 + (Am)2{s2N + e2 - e2} (60)
or
s22 = s2 + (Am)2 (s2N+se2} = s2 + (Am)2s^Ne (61)
where se2 = e2 - e2 and S2Ne - + sg2
Then,
Am sLNe " A2s (̂ 2).
or
A^s = 3Am
where 3 = sLNe
The relationship is linear with a constant slope, 3.
Conclusion
In general, this theory applies to the cases where the 
’’true" distribution and incremented distributions are normal 
and true P values and dP increments are assumed independent. 
The relation between the increments of parameter (dt or dm) 
and the increments of standard deviation (ds) is linear with 
a constant slope.
Because the distribution of square root and log trans­
formed Px values have the required characteristics, the 
theory constructed and the results perfectly apply to these 
cases also. Results of this theory will be used to introduce 
a new technique, which determines the parameters, in the 
following chapter.
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INTRODUCTION OF "STANDARD DEVIATION CIRCLES. METHOD" 
TO DETERMINE THE PARAMETERS (Atm , ps, and m) FOR A 
ROCK TYPE IN WATER SATURATED ZONES FROM LOGS
General
If (x0 ,y0) is the center of a circle whose radius is
R0 , then the equation of the circle is 
( x - x 0 ) 2 + ( y - y 0 ) 2 = R2 (63)
In particular, if the center of this given circle at a 
point, (yo,0), on y axis (63) becomes
x2 + ( y - y 0 ) 2 = Rq (64)
(Figure 10.)..
For Rq > y, (63) has two intercepts on x axis, such 
that; for y = 0, (63) becomes
(65)
and the intercept points are
(66)
X2 + y 2 = R2
\
R^ -  y 2O J OX = ±
and the length OA in Figure 11 is
N
R2 - y2 = OA O  ̂o (67)
Considering another circle with given radius R^ and 





Figure 10. Circles centered on y axis with the same inter­




Figure 11. Standard deviation circles, in general, for 
s 1 > s .
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OA =N r| - yf ' (68)
The relation between these two particular circles can
be expressed as 
2 2
R° = 1 (69)
4  - A
In general, circles centered at y axis with the same 
intercept points on x axis satisfy the relation given by 
(69).
Theory
With the assumption that the original distribution and 
incremented distributions are normal, the relation between 
original standard deviation and incremented standard devia­
tions of these normal distributions is given by (39), such 
that
s 1 = N s2 + (ds)2 (70)
where s = constant ("true" standard deviation) 
ds = the increments of standard deviation 
s! = incremented standard deviations.
Rearranging (81)
s = s'2 - (ds)2 (71)
\
When s is constant, (71) is the same as (67) provided 
that s 1 > s, and where
s 1 refers to the radius, R0
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s refers to the length of intercept, OA 
ds refers to yQ on y axis.
The relation (69) can be expressed for this case in 
general by
'2





I f f *where s^ and ds^, and s^ and ds^ are
dtj_ and dm and dt^ and dm^ on t and
11).
(a) For ”true" value o.f m:
From equation (46), (71) becomes
s =
\or
s'2 - a2 (dt)2
s =
\
s'2 - a2 (t1- t )2









t 2s .1 a2(t^-t)2x ^2.










Figure 12. Schematic representation of standard deviation 
circles in terms of a(t!-t), m constant.
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In Figure 12, the circles, with the radius of s* which 
is smaller than s, cross each other and the circles with the 
radius larger than s at the points different than A.
If Figure 12 is redrawn in terms of s f and at1, exclud­
ing at, the change is only in the location of the origin. 
Figure 13 describes the situation schematically, a is a 
scale factor on y axis (ds axis).
If an arbitrary scale,* q, is used instead of the scale
a, a significant error is introduced on crossing point A for
the circles which have s* much greater than s. But, the 
circles which have s f very close to s (i.e., ds - 0) still
cross each other at a point B which has the coordinates of
x = s 
y = q t
as shown in Figure 14. Point B has the same x coordinate,
s, as point A does in Figure 13.
(b) For "true” value of t :
The same line of reasoning described in (a) applies to
this case also. Figures 15 and 16.
(c) For constant values of m (different than 11 true11 value 
of m)
Equation (73) can be rewritten for a constant value of 
m different than the true value with increments dt in given
















Figure 14. Standard deviation circles in terms of qt1 
where q is an arbitrary scale factor on 














Figure 16. Standard deviation circles in terms of qm*, where 
q is an arbitrary scale factor on y axis, 
t constant.
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Interval in which the true distribution and incremented 
distributions are normal, such that
s{2 = si + a2(dt)2 = s2 + m 2 s2p^dt2 (77)
where s| = incremented standard deviation
Sp = assumed most probable value of "true” standard
deviation (s due to true value of m) for mp
(constant)
-  rf^s"2 ,T.2%STPp t-irpp “ p
from (46).
For the true value of m for the same increments of dt 
used in (77)
s *2 _ s2 + __ s2 + m 2 s^pdt2 (78)
(77) and (78) can be rewritten as
Sp2 - s2 = a2(dt)2
and
s * 2 - s2 = a2 (dt)2
or for the same increments
»2 2 2 2 2s-1 a-. m-, Smp_i 1 = 1 = 1 irl (79)
»2 2 2 2 2s. -s a m sijp
2 2 2 2 In (79) sia s , ap, and a are constants. Then the relation
between (Sp2~s2) and (s’2-s2) is linear with a constant
slope, a2/a2.
1 p 2 »2 2The limit of (79) when Sp^ Sp and s -* s with the
same increments
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s*2 - s? s? a?
U m  rjj-- 2 = T  = Ttp 2 s - s Sp aSp^->Sp ^
s ,2_s2
and
!l-a al , V T P l  (80)
s a m sTp
This ratio is very close to 1 for the small differences 
between mp and m because STPp - STP for these small differ­
ences .
Equation (79) can be expressed in the following 
fashion.
s i 2 -  4  = S  ( s ‘ 2 -  s 2 >ci
*2 al 12 . / 2 al 2n Sp = -p s  ̂ + ( S p    s )
a a"1
or
Sp^ = ApS1  ̂ + Bp (81)
where ^
alA-. = —p = constant 
a
a22 al _2Bp = Sp - -~Sr s = constant.a
• O |pThe relation between Sp and s & is linear with the constant 
slope Ap. This relation is shown in the following figures for 
selected examples from the actual data assuming estimated m
fa 
a2
are practically 1 for the small differences between mp and
is "true” m or very close to "true" m. The slopes Ap =
*18
figure 17 a




( m =  2 • 10 )
l o o  L“L“" .
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As a conclusion we can say that any reasonable m value 
in the given interval can be used to find most probable 
"true" t parameter by standard deviation circles technique 
because the error introduced by doing so is ignorable in the 
practical sense.
(d) For constant values of t (different than "true” value 
of t)
The same line of reasoning as in (c) is true for this 
case, too.
With equation (57) > (79) becomes
, 2 2  o 2
S1 S1 bl SLN1
— ;— o = t  = s“ (82).s '2_s2 ,b2
h(e) Px and logPx values
The theory applies in the same way to the cases in. 
which Px 2 and logPx values are employed.
(f) Errors
Standard deviations, s1, will have certain amounts of
error, if the incremented distributions have different
degrees of fit to the normal distribution. However, these 
errors are too small compared to expected s! values, and 
their contribution to Figure 13 and Figure 15 is ignorable 
in practical sense.
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The assumption, dt = t f-t or dm = m'-m, is not true for 
large increments of dt or dm. This error shows itself in 
the center ordinates of standard deviation circles with the 
points of intersection different than A in Figures 13 and 15. 
The error introduced is negligible for the small increments 
of dt or dm. In fact, it is in favor of easy recognition 
of the true intersection point, A, in the related figures.
Application of the 11 Standard Deviation Circles” to 
Determine t and m for Water Saturated Zones
In application of the method, it is better to use Px 2 
or logPx values because they have better and more consistent 
fit to the normal distribution for calculated and incre­
mented parameters than Px values.
In this study, the method applied on Px^ values for 
every example in the hand to determine t and m for water 
saturated zones. Seven incremented parameter values were 
used in properly defined interval for a parameter, includ­
ing computed parameter value for every example. In fact, 
these were the same values used in statistical investigation 
part, and related standard deviations were used as radii in 
drawing the circles. Incremented parameter values were 
placed on y axis using various scales until circles could 
cross each other and the coordinates of the most probable 
intersection (A) should fall in the range of incremented 
parameters and calculated s ?,s as given in Appendix A-l
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for the related example.
Incremented standard deviations were assumed as a matrix 







S13 ’ # * S17
'21 22 23 27
31 32 33 37
71 72 73 77
Figure 18, The matrix of incremented standard 
deviations.
The columns (constant values of m), and the rows 
(constant values of t) of the matrix was employed to 
determine t, and m parameter respectively for a given 
example. The required s value was determined from the 
x coordinate of the point where the standard deviation 
circles intersect most in a column or row, then compar­
ing this value with the incremented standard deviation 
values in related column or row, t or m determined. In 
the cases where intersections represented a scatter due 
to introduced errors, the point which followed in 
required range as described above was selected as the most
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probable intersection.
The determined values of t were the same or very close 
to each other (practically the same) in every column in a 
given example was observed. The same was true in deter­
mined m*s for rows. The results for arbitrarily selected 
examples are given in Table 6, and in the following figures.
The determined t and m parameters for every example 
in hand were compared with the computed parameters by Porter 
(1968)j Table 2. The results of the comparison seemed 
satisfactory.
square of the mean of the various values of X.
The smallest number of water saturated zones required 
for the computation of means and standard deviations was 
estimated as 2 (1 for the upper tail, 1 for the lower tail 
of the normal distribution) statistically speaking.
Aftbr construction of the matrix given in Figure 18, 
the s values can be determined by the standard deviation 
circles of any column and any row of the matrix, i.e., 
the t, and m parameter for any given example for water
Comments
The computation of standard deviations is done by
s
2
—7where Xc denotes the mean of the squares of the various
1 —~Pvalues of X (of Px, Px^j or logPx), while X denotes the
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^;
saturated zones can be determined using one column, and one 
row respectively by standard deviation circles technique.
In application of the method, it is better to use Px 2 
values because they have more consistent fit to the normal 
distribution.
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Table 6. Comparison of the parameters estimated by 








1 1 50 1.98 50 2.1
2 1 55 1.50-1.60 55 1.6
3 2 49-50 1.90-2.00 50 2.0
4 1 55 1.85-1.90 55 2.0
5 3 43 1.70 42 2.0
Figures 19 through 48
APPLICATION OF 
"STANDARD DEVIATION CIRCLES" TECHNIQUE 
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It is possible to define a parameter Px in terms of 
well log measurements such that Px, Px % and logPx are 
normally distributed for water saturated zones within the 
confidence limits of a (chi-squared) test. To calculate 
Px, it is necessary to know resistivity, acoustic velocity 
or bulk density and to assign values to two numerical 
parameters (representing the "cementation exponent," m, and 
either the "matrix At," Atm, or "grain density," Ps). Px>
Px 2, and logPx remain normally distributed for water satur­
ated zones for the following ranges in the assigned
parameters:
Parameter estimate = Atm ± 10 ysec/ft
Parameter estimate - ps ±0.10 g/cm^
and Parameter estimate = m ±0.3'
This is of practical importance because these param­
eters are usually known in practical situations within 
these ranges.
The distributions in Px mentioned above are signifi­
cantly. distorted by the presence of hydrocarbon saturation 
in any of the zones considered.
Therefore, it is concluded that for practical purposes 
the presence of hydrocarbon bearing zones can be detected by 
observation of the distribution of Px, PX*S or logPx without
87
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independent determination of m, Atm, or ps.
A graphical technique, termed in this report "the 
standard deviation circles technique," was successful when 
applied to actual data for determining the values of m,
Atm , and pQ.
Only two samples (parameters P, Px 2, or logPx), one 
from the lower and one from the upper tail of the normal 
distribution, are needed to calculate the standard devia­
tions as described in the text for the application of the 
standard deviation circles technique, statistically speaking.
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RECOMMENDATIONS
In the construction of the theory for the effects of 
the choice of the parameters on the standard deviation of 
the distribution of Px for water saturated zones the true 
values of Px and the increments dPx due to the arbitrary 
changes in Atm and/or ps and m were assumed independent 
random variables in statistical sense and "standard 
deviation circles" method based on the results of this 
assumption. The application of the theory on the actual 
data confirmed the fact that the assumption could be done 
despite the fact that Px and dPx are mathematically depen­
dent . This meant that the contribution of the covariance 
term in equation (36) due to dependency was very small and 
ignorable in practical sense, in the given intervals of 
parameters. However, the investigation of the indepen­
dency case in a further study may reveal more facts about 
the theory introduced in this study.
The partial differential dPx of Px was employed by 
holding constant one of two parameters, t and m, respec­
tively in the related equations in this study. A further 
study, with the complete differentials and without the 
assumption (indicated above), seems promising in deter­
mination of the true parameters by a numerical way (computer 
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STATISTICAL ANALYSIS AND CHI-SQUARED
TEST RESULTS AND DATA
Identification of symbols used in the following tables:
MEAN — grouped mean
S = standard deviation
A3 = coefficient of skewness
A4 = coefficient of kurtosis
X2 = chi-squared values
SONIC = DELTM = A, optimum value is At
DENS = G, optimum value is ps
M = E, optimum value is m
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( I )
FOR WATER SATURATED ZONES ONLY
■ SE * 1 SAMPLE s iz e « 6A
AMPLE s L NUMBER OP CLASSES « 10
OSSnPLOT s SONJC-’RESISTIVITY DEGREES OF FREEDOM ■ .7
MPLE s P X2 ( 0,99-0,95 ) ■ 19-1Ae:B8iBSS8ss3iss:s:s:sesi838:s8«SBSaSBe$siBS3t8E8SK:«:EcBsa:s8s:sss s i b s s i
TM M (CEMENTATION EXPONENT )
1.70 1*80 1.9Q 2,00 2.10 2,20 2,30SSSSSSSSSs SSSSSS8S3S SSSB883S8 8888.8888888838888 888888888 S38888S 88 888888
m e a n 1188,7 1692,1 2425.9 3475,7 5007,5 7166,4 10317,6
s A90.9 746,5 1120,7 1644,3 2478,7 3690,9 5456.1
,0 A3 0,514 0,602 0.637 0,675 0,728 0,812 0,888A4 •0.721 * 0 ,661 •0,547 »0,4l3 •0,353 -0,195 *0,028
X2 8,80 13.14 9.41 11,93 10,66 12,31 13,28
m ea n 1018,6 1441,3 2043,4 2941,0 4150,5 5994,4 8538,3
s 451,3 679,4 996,7 1499,8 2206,8 3248,3 4765,2,0 A3 0,625 0,667 0,743 0,757 0,885 0,910 1,013A4 •0,565 •0,458 *0,331 •0,344 *0,078 0.014 0,283
X2 10,75 10,28 11,37 12,02 13,19 12,88 13,08
MEAN 969,4 1372,0 1940,2 2768,2 3935,6 5652,6 7961,15 441,9 662,0 971,2 1471,9 2126,2 3100,6 4508,6
,0 A3 0,638 0,669 0,728 0,841 0,885 0.925 1,001A4 *0,505 •0,476 •0,353 *0,195 *0,078 0,089 0,181
X2 12 f 49 11,87 10,66 14,32 13,19 12,64 15,51
MEAN 913,4 1284,7 1840,0 2584,1 3714,6 5274,7 7372,3
S 434,7 637,0 954,8 1400,4 2054,0 3004,7 4323,4,0 A3 0,639 0,782 0,795 0,924 0,950 1,045 1,029A4 •0.563 •0,239 •0,253 0,020 0,119 0.374 0,276
X2 11,02 11,29 12,05 13,45 13,13 14,33 14,36
M m 866,9 1215,8 1725,8 2449,5 3492,7 4908,9 6895,1
5 424,7 619,0 925,2 1350,2 1965,4 2848,4 4225.3
1,0 A3 0,704 0,810 0,841 0,924 0,967 1,030 1,098A4 wO,400 •0,230 *0,195 0,020 0,197 0,300 0,429
X2 11,98 12,98 14.3? 13.45 12,72 14,03 17,18
MEAN 811,6 1149,0 1620,7 2287,6 3241,7 4525,0 6414,0
S 408,3 605,3 892,4 1280,8 1878,8 2756,7 4036,8
2,0 A3 0.795 0,797 0,09? 0,967 1,045 1 f 077 1.141A4 •0,245 •0,268 *0,119 0,197 0,374 0,351 0,513
X2 11,43 12,95 15i53 12,72 14,33 17,11 IB,08
MEAN 678,1 952,8 1334,8 1856,3 2591,1 3569,7 4932,3
S 371,2 548,3 784,9 1121,1 1642,1 2438,4 3605,4
5,0 A3 0,856 0,892 0,979 1.017 1.094 1,174 1.186
A4 •0,172 *0,119 0,180 0,317 0.439 0,517 0,580
X2 14,71 15,53 13,79 11.70 15,87 24,12 24,80
T 1314 128
. 1 SAMPLE SIZE ■ 64
IPLE p 1 NUMBER OF CLASSES » 10
S-PLOT p SQNIORESISTIVITY DEGREES OF FREEDOM s 7
LE. a Pi/2 X2 ( 0.99-0.95 ) ■ 19-J4
s s s s b :csBBissc::
M ( c e m e n t a
i.70 1,80 1,90ullifUllit ssssssrsss
m e a n 33,58 A0.32 47,87
s 7,3247 8.9724 11,0473
. A3 0.194 0,233 0,335
A4 »0,988 -0,895 -0,818
X2 7,59 6,02 7,06
MEAN 31,25 36,95 44,26
S 7,105A 8.7319 10.8310
A3 0,233 0,335 0,354
A4 *0,895 -0,818 -0,800
X2 6,02 7,06 7,27
MEAN 30,33 36,01 42.94
s 7,0372 8,6878 10,7101
A3 0,335 0.335 0,390
A4 mi 0 ,893 -0,818 -0,743
X2 7,A0 7,06 6.66
me a n 29,35 35,06 41,55
3 6,90A8 8,5566 10.6550
0 A3 0,365 0,38 A 0,442
A4 »0i82A -0,805 -0,721
X2 7,38 7,23 7,45
MEAN 28,60 3 A, 00 40,23
3 6,8788 8,4713 10,4495
0 A3 0.365 0. A20 0,488
AA ,82A —0,746 -0,720
X2 7,38 7,35 9,17
MEAN 27,79 32,94 38,97
s 6 , 8 A 5 7 8.4513 10.4265
0 A3 0.38A 0,453 0,495
AA -0,805 -0,7 46 -0.735
X2 7,23 6,97 10.62
MEAN 25,22 29,56 34,69
$ 6,8225 8.3713 10.2782
0 A3 0,446 0.508 0.548
AA *0,769 -0,694 -0,593
X2 7,97 9,74 7,9i
ION EXPONENT )
2.00 2,10 2.20 2.30
57.56 68.85 82,41 98,29
13.7311 16.6685 20,8535 26,0984
0,354 0.424 0,446 0,505
-0,800 -0«644 *0,617 -0,622
7,27 6,11 6,59 7.25
52,60 62,54 74,53 88,34
13,2593 16.3412 20,2945 25,1479
0,433 0.527 0.547 0.534
-0,703 -0,602 -0,568 -0,545
7.80 8,92 6.27 5.23
50,87 60,54 71,98 85,53
13,2376 16,5226 19.7514 24,7143
0,474 0.487 0,542 0,562
-0,716 -0,706 -0,505 -0,536
10,20 8,34 5,74 6,55
49,39 58,60 69,69 82,47
13,1727 16.3098 19,8108 24.5326
0,465 0,504 0,573 0,562
-0,734 -0,663 -0 # 563 -0,536
11,35 7,89 8,58s 6,55
47.66 56.73 * 67.35 79,60
13,0773 15,8770 19,8885 24,3341
0,494 0,548 0,383 0,591
-0,686 -0,593 -0,579 -0,506
9.58 7,91 8,6? 8,14
46,05 54,53 64,90 76,58
12.8686 15,8310 19.7670 23.9510
0,541 0,583 0,583 0,620
-0,639 -0.579 -0,579 -0,447
9,04 8,67 8,67 7,94
40,96 48,58 57,10 67,51
12,6876 15,6082 19.1861 23,1259
0,583 0.583 0.657 0,637
-0,579 -0,579 -0,432 -0,370
8,67 6.67 9,54 6,72
T 1314 129
SB = 1 . SAMPLE S U E  * 64
AMPLE z l NUMBER QF CLASSES * 10
OSS-PlOT ■ SOM 1F-RE SI ST IVI TV DEGREES OF FREEDOM = 7
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NUMBER OF CLASSES 
DEGREES OF FREEDOM 





EN$'. M ( CEMENTATION EXPONENT )
1,70 1,80 1,90 • o o
I
2,10 2,20 2.30
MEAN 0,36 0.31 0.26 0.23 0.20 0,17 0,15
S 0.152 0.137 0,120 0,108 0.096 0,086 0,076
A3 0.468 0,486 0.554 0,553 0.586 0,593 0,623
A 4 «*G,975 -0,946 -0,853 -0,873 -0.809 —0,824 -c;791
X2 15,83 il.69 7,90 7,22 9,98 16.99 16,96
m ea n 0,44 0,38 0.34 0.30 0,26 0.22 0.20
s 0.171 0,157 0.142 0.128 O'. 114 0, 104 0,092
A3 ^0,365 0,393 0,468 0,505 0.554 0,554 0.5 86
A 4 m 0 # 9 6 4 -0,990 -0,975 - 0, El 9 6 —0,853 -0,891 -0.809
X2 6,54 7.34 15,83 11.65 7,90 6,85 9.98
mea n 0,47 0,41 0,36 0,32 0,28 0,24 0,21
S 0.180 6.162 0.150 0,134 0,120 0,109 O'. 099
2.64 A3 0.403 0,365 0,431 0,487 0.529 0,553 .0,604
A4 -0.901 -0,964 -0,991 -0,926 -0.896 -0,873 — 0 « 8 01
X2 6,34 6.54 9.93 14.13 9,28 7,22 5,97
MEAN 0,50 0,44 0,39 0,34 0,30 0,26 0.23
S 0.187 0,169 0.155 0,142 0,129 0,114 O'. 105
2.65 A3 _0,365 0.365 0,379 0,453 0.486 0,554 0,553
A4 -0,964 -0.964 -0,977 -0,984 -0»946 -0,853 -0,873
X2 6,54 6,54 7,83 10,16 11.69 7,90 7,22
MEAN 0.54 0,47 0,42 0,37 0,33 0,29 0,25
S 0.199 0,176 0.161 0,149 0.135 0,12? O', 111
2.66 A3 0.34 3 0.36 5 0.365 0,416 0,472 0 , 549 0.553
A 4 -0.972 -0.964 -0,964 -0,981 -0.936 -0,802 -0,873
X2 6,45 6,54 6,54 8,04 12,65 10,29 7,2 2
MEAN 0,57 o
> EO *
o 0.44 0,39 0,35 0.31 0,27
S 0.209 0.187 0.168 0.155 0.143 0.130 0.118
2.67 A3 .0.342 0,343 0,365 0,379 ft '.  431 0,47? 0,529
A4 *0.970 -0,972 -0,964 -0,977 -0.991 —0,936 -0,934
X2 6,61 6,45 6,54 7.83 9,93 12,65 8.33
m f a N 0,87 0,79 0,71 0.65 0,5 8 0,53 0.48
s 0.284 0, 269 0,248 0,231 O'. 211 0. 191 o'. 175
2.75 A3 0.211 0,244 0,333 0,327 0.362 0,342 0,364
A4 -0.852 -0,922 -0,847 -0,927 -0,928 -0.993 -0,986
X2 2,43 3,13 2,91 2.50 3,38 6,98 7,ol
T 1314 131
CASE « 1 SAMPLE SIZE c 49
e x a m p l e B 2 NUMBER QF CLASSES a 10
CROSS -PLOT » DENS.- r e s i s t i v i t y d e g r e e s OF FREEDOM = 7
SAMPLE a Pl/2 X2 ( 0,99-0 .95 ) = 19-14itiiiiiiu SSSvSS 253S3!»53*5#'5-5«!33SSSS5;S = S uIt11IIIIuuItu uniiiiniiiinK11 s a c s s s s
ENSf H { CEMENTATION e x p o n e n t )
1,70 1.80 1.90 2,00 2.10 2,20 2,30
Bsssesssass s s s s ; : : s : 3 = S S = = S S S asasssssss s s r s s a s s s c s s s a s s s : : a : s : : ; : n : s B s s s t
4 MEAN 0,5828 0,5411 0,5025 0,4649 0,4327 0,3995 0,3709
s 0,1327 0,1258 0,119? 0,1124 0,1083 0,1048 0,1013
2,60 A3 0,182 0,216 0,206 0,187 0,18? 0,248 0,248
A 4 -1,115 -1,023 — 1.054 -1,035 -1,035 -1,039 -1,039
X2 9,76 10 .1 2 11,46 10,07 10,07 10,29 10,29
MEAN 0,6528 0,6077 0,5647 0,5274 0,4927 0,4594 0,4310
S 0,1359 0,1319 0,1283 0,1237 0.1170 0,1092 0,1046
2,63 A3 0,099 0,164 0,225 0,237 0,239 0,229 0,240
A4 -1,141 -I # 143 -1, 132 -1,096 -1,071 -1,034 - 1 , 0 1 5
X2 4,55 6,98 8.44 8,98 7,74 7,32 8.64
mea n 0,6785 0,6307 0,5883 0,5486 0,5134 0,4787 0,4489
s 0,1362 0,1341 0,12«2 0,1247 0,1196 0,1139 0,1069
2,64 A3 0*134 0,127 0.190 0,237 0,210 0,244 0,253- A4 -1,131 -1,180 -1,100 -1,096 -1,120 -1,036 -1.019
X2 3,69 5,74 6,86 8,98 8,71 5,67 7,01
MEAN 0.6995 0.6557 0,6098 0,3726 0,5350 0,4998 0,4677
S 0.1379 0, 1323 .0.1298 0,1257 0,1223 0,1174 0,1117
2,65 43 0,110 ■ 0. 129 0,171 0.198 0,237 0.240 0,268
A4 -1,109 -!#160 -I,107 - l a o o -1.096 -1,111 -1,021
X2 4,00 4,68 5,47 6,86 8,98 7,17 5,57
MEAN 0,7203 0,6764 0,6353 0,3928 0,5577 0,5219 0,4885
S 0,1379 0. 1342 0, 1298 Of 1277 0,1226 0, 1197 0,1149
2.66 A3 0,129 0 , 1 1 0 0 , 149 0,190 0,209 0,257 0,260
A 4 -1,066 -1.109 -1,151 -1,118 -1,063 -1,065 -1,079
X2 4 , 4 4 4 , 0 0 4,24 7,37 6,93 7.01 5,94
mea n 0,7427 0.6998 0,6568 0,6159 0,5785 0,5433 0,5093
s 0, 1390 0,1372 0,1307 0,1271 0,1256 0,1208 0,1169
2.67 A3 0,064 0 , 1 1 9 0 . 149 0,202 0,190 0,238 0,240
A4 -1,126 -1,135 -1,151 - 1 , 1 2 2 -1*118 -1,056 -1,111
X2 5,03 4.27 4,24 6,20 7,37 5,35 7,17
MEAN 0,9184 0,8754 0,8298 0,7894 0,7501 0,7173 0,6818
S 0, 1492 0. 1449 0,1442 0,1390 0,1356 0, 1333 0,1312
2,75 A3 -0,014 0,090 0 ,070 0,114 0,076 0,129 0.139
A4 -0,945 -0,942 -1,013 -1,035 -1,094 -1,066 -1,110
X2 4,40 3,47 4.98 5,04 5,98 4 , 44 3.37
T 1314 132
A SB 8 I. SAMPLE SIZE b 49XAHPUE a 2 NUMBER PF CLASSES * 10
ROSSsPUOT » DENSf-wRESlSTIVJTY DEGREES OF FREEDOM • 7
AMP^E « 1*0 GP X2 ( 0,99-0,95 I a 19-14
5 B 3 S S 8 S 8 S S E S B B B S S S 3 S E S S S B S B E B S S B B B B S B B S B B B S B S a s i S s e S S B : esssassssiss a s s s s a
NS, M ( c e m e n t a t i o n e x p o n e n t )
1170 1|80 1,90 2,00 2,10 2,20 2,30
E S : 8 s s 3 S 3 S 8 c e s s & 6 8 S 3 ; 3 s a ; s 3 B R 3 & 8 s a s : s a s s s : s s 3 : s B B s : 8 : : : ss::s:s:se: a s s s s s
m ea n 0,4954 0,5578 0,6256 0,6934 0,7631 0,8310 0,9014
s 0,1977 0,2037 0,2090 0,2178 0,2255 0,2343 0*2388
,60 A3 0,199 0*194 0,142 0,142 0,126 0,126 0,166
AA w0,964 -.0,887 <-0,835 *0,835 *0,807 -0,807 -0,712
X2 9 * 47 9,87 11,36 11,36 10,22 10,22 11,15
MEAN 0,3905 0,4538 0,5157 0,5804 0,6390 0,6991 0,7610
S 0,1777 0,1843 0,1916 0,2051 0,2110 0,2142 0,2213
A3 0,175 0,108 0,092 0,120 0,153 0,140 0,124A4 *1,069 *1»112 *1,116 *1,054 *0,982 *0,883 *0,886
X2 6 147 8,89 8,04 9,67 10,96 8 ,66 9,73
MEAN 0,3610 0,4214 0,4815 0,5400 0,6044 0,6629 0,7195
S 0,1727 0,1791 0,1856 0,1928 0,2050 0,2116 0,2163
A3 0,158 0,137 0,085 0,092 0,106 0,122 0, 139
A4 *1.080 *1,066 *1,106 *1,116 *1,028 *0,993 -0,921
X2 6 ? 01 5,70 8,90 8,04 8,19 8,47 8,84
mean 0,3274 0,3891 0,4488 0,5072 0,5671 0,6250 0,6834
s 0,1688 0,1746 0,1806 0,1861 0,1931 0,2019 0,2112
A3 0,158 0,158 0,114 0,069 0,030 0,038 0,107
A4 *1,086 *1,080 *1,060 *1,080 *1,098 *i fQBO -0,967
X2 6,01 6,01 5,84 7,18 7,72 (t 23 7,64
MEAN 0,3006 0,3572 0,4175 0,4757 0,5309 0,5871 0,6438
S 0,1669 0,1699 0,1767 0,1840 0,1884 0,1964 0,202 7
A3 0,152 0,158 0,113 0,090 0,054 0 ,030 0,038
A4 *1,085 *1,090 *1,092 *1,109 *1,112 -1,098 -1,080
X2 7,73 6*01 6,91 8.24 6,72 7,72 7,23
MEAN 0,2748 0,3274 0,3834 0,4412 0,4962 0,5528 0,6090
s 0,1626 0,1681 0,1715 0,1784 0,1835 0,1912 0,1948
A3 0,19? 0,154 0,158 0,113 0.069 0,053 0,015
A4 *1,072 *1,077 *1,080 *1,092 *1,110 -1,140 -1,040
X2 7,8Q 5,88 6,01 6,91 8*32 7,51 6,43
MEAN 0,1379 0,1574 0,|902 0,2264 0,2654 0,3097 0,3487
S 0,1039 0,1228 0.1371 0,1495 0,1582 0,1645 0,1643
A3 0,815 0,687 0.491 0,332 0,243 0,141 0,111
A4 *0,361 *0,731 -1,020 *1,084 -1,094 *1.021 -1,100
X2 11.80 10,36 8,94 4, Q6 7,32 4,45 8,67
T 131^ 133
SE o 2 SAMPLE SUE » 80
AMPLE s I NUMBER OP CLASSES » 10
QSS-PlOT » SONIC-RESJSTJVITY D E C R E E S  OP F R E E D O M  » 7
MPLE « P X2 < 0,99-0,95 ) ? 19-lA
SBasg:8&B88e8:8BSSSBSS88s:93SI>SS88S>lSB3SSasStE3Si:B:BSBSIS8B888:s:888
TM M ( C E M E N T A T I O N  E X P O N E N T  >
1,30 I, AO 1,50 1,00 1,70 1,80 1,90
a8S888888SS8SS8S8S8S:sS38S83SS3BS383S888SSSa3S3SSSSS88l8888S3S8B8S8888B
HE AN 66.7 101,6 152,8
S 19.A 28,8 A3,5
0 A3 0.835 0 ,?A5 0.769
AA 0.156 *0,04? s»0,096
21 f 66 18,95 25.9A
MEAN 60.1 89,5 133,1
S 1 7 , 0 25,2 38,A
0 A3 0.776 0,766 0,730
AA 0.013 0,QIA **Q ,138
X2 21,00 19.16 16,52
MEAN 55,7 32,2 122,3S 15,9 23,8 36,1
0 A3 0.769 0*720 0,687
AA *0,005 *0,144 «0,310xz 20,99 17,51 1A, 85
m e a n 5A.3 80,0 119,0s 15,A 23,A 35,2
0 A3 0,751 0,723 0,661
AA 0,006 «0.192 *Q,373
X2 18,93 16,39 1A,8?
MEAN 52,7 78,0 115,5
S 15.1 22,8 33,7
0 A3 0,731 0,686 0,687
AA «Q.DBA •*C,262 **0,333
X2 18,76 15,62 17.AO
MEAN 51,A 75,8 112,0
5 1A .7 22,5 32,7
0 A3 0,720 0,687 0,650AA »0,1AA **0,310 «Q,374
X2 17,51 IA , 85 12,93
mean A5.9 67,2 99,2s 13,5 19,7 28,9
0 A3 0,686 0,612 0,56?
AA *»0,292 *0,369 *0,429
X2 13,52 13,38 9,78
229, A 3A5.5 518, 8 780.A
65,3 101,6 152,2 228,0
0.720 0,691 Of 661 0,681
wO,144 0, 3AA **0,373 **0,319
17,51 lBflA 1A , 87 12,92
199,3 296,3 443,7 671,1
59,1 86,3 129,6 196,0
0,663 0,668 0,608 0,567
«Q,A07 *0,366 *0,387 *0 , A87
16,86 15.A7 15,01 10,35
181,6 269,8 406,1 398,5
53,0 79,1 119,6 177, A
0,650 0,608 0?556 0.617
mO,393 *»Q, 387 *0,532 *0,538
13,87 13,01 11.39 1A ,96
175,7 283,5 392,0 578,3
51,1 76,0 u a ,a 169,4
0,638 0,573 0,596 0,628
«0,373 -a 0, A 3 7 *0.563 *0,505
12,91 9,61 15,16 13,61
170,5 255,5 376,7 533,649,8 7A, 9 111,6 163,2
0,645 0,559 0,617 0,628
«0,29A a Q , A 8 0 «Of538 *0,505
12,28 10,85 1A , 96 13.61
16A ,9 2A7.5 36A.1 534,8
A8,5 71,9 106,6 160,1
0,606 0,608 0,628 ,0,664»G • 365 *0,517 *0,505 *0,467
11.60 13,53 13,61 16,36
1A6,2 211,5 315,0 460,7
A2,7 62,A 9A, 8 140,7
0,636 0,635 0,573 0,555
»0,A01 *0, A86 *0f535 *0,591









* P l / Z;s:3s:s:=
1.30
SAMPLE SIZE 
NUMBER OF CLASSES 
RESISTIVITY DEGREES OF FREEDOM
X2 ( 0.99-0,95 )
M ( CEMENTATION EXPONENT ) 



























































































































































































































































































SE s 2 SAMPLE S U E  * 30
AMPLE * 1 NUMBER pf- CLASSES = 10
.0S5-P10T • SONlC-RPSISTlvm DEGREES fJF FREEDOM * 7
HPLE = COGP X2 ( 0,99-0.95 ) s 19-14
TM M ( C EHENT ATI UN EXPONENT )
1 • 3 0 1.40 1,50 " 1,6 0 1,70 1.80 1,90
M E A N 1 f 809 7 1,9841 2,1638 2,3450 2,5266 2, f016 2.8802
S o, 1203 0, 1235 0, 1233 0,1237 0,1243 0,1262 0,1250
0 A3 0,371 0 ,306 0,318 0,227 0,222 . 0,19? 0,140
A 4 " 0 * 6 4 2. "0,725 -0,700 "0,730 -0,839 -0,881 -0,774
X2 9,39 9,40 9,13 *15,36 6,78 9,76 11.85
MEAN 1,758q 1,9332 2,1101 2,2853 2,4600 2,6337 2,8059
S 0,1251 0,1231 0, 1246 0,1242 0,1240 0,1253 0,1290
,0 A3 0,286 0,314 0,258 0,231 0 « 15 0 0, 102 0,107
A 4 «0 • 764 -0,708 -.0,733 "0,805 "0,73? -0,771 -0,736
X2 9,62 14.56 11,52 6,33 6,38 12,89 8,03
m ea n 1,7,273 1,9013 2,0748 2,2466 2,4194 2,5896 2,7629
s 0, 1220 0.1246 0,1243 0,1242 0,1257 0, 1273 0,1276
.0 A3 0,337 0,213 0,231 0,150 0,102 0. 100 0,174
A4 -0,638 -0,717 -0,805 -0,737 -0,771 -0,683 -0,624
X2 14,15 13,59 6,33 6,38 12.89 7.81 12,63
1
MEAN 1.7152 1,8909 2,0615 2,2324 2,4028 2,5742 2,7474
S 0,1236 0,1257 0,1259 0,1244 0,1261 0,1273 0,1272
,0 A3 0,314 0, 193 0,201 0,115 0,090 0, 102 0.055
A 4 -0,708 -0,786 -0,852 "0,722 "0,752 -0,627 -0,689
X2 14,5 6 9,02 8,09 7,42 12,34 7 * 66 12,08
MEAN 1,7055 1,8817 2,0499 2.2206 2,3872 2,5606 2.7329
s 0* 1220 0,1242 0,1231 0.1240 0,1279 0. 1272 0,1267
.0 A3 0,271 0,234 0. 168 0.106 0,073 0,192 -0,038
A4 -0,62 4 -0,826 -0,800 -0,746 -0,768 -0,612 -0,609
X2 12 » 3 r s 7,72 6,67 *13.55 8,01 11,52 7,40
MEAN 1,6962 1,8666 2,0359 2,2049 2,3741 2,5444 2,7180
s 0,123Q 0, 1.249 0,1244 6,1254 0,1281 0,1277 0,1295
,0 A3 0,22 0 0 ,234 0, 150 0,107 0 ,111 0, 149 -0,02 8
A 4 -  0 , 7 3 8 -0,826 -0,73 7 -0,740 -0,677 -0,596 -0,385
X2 15.62 7. 72, 6,38 10,56 7,96 11,89 9,37
MEAN 1,6513 1,8135 1,9779 2,1457 2,3139 2,4810 2.6399
S 0,1242 0, 1225 0,1231 0,1254 0,1274 0,1304 0,1331
', 0 A3 0,188 0,149 0, 101 0, 155 -0,038 -0,041 -0,084
A4 -0.767 -0,675 -0,767 -0,609 -0.609 -0,525 -0,542










s a m pl e s u e
NUMBER OF CLASSES 
DEGREES OF FREEDOM 









CEMENTATION EXPONENT ) 































































































































































































































































































SAMPLE S U E  
NUMBER QF CLASSES 
DEGREES OF FREEDOM 





IIIIIIIfIIIIII(I :ssss:sss: iit!HUII11HII SS5SSS8SSS uIIIIIIItItut*II S s s S 3 S S
ENS , M ( CEMENTATION EXPONENT >1,30 1,40 1,50 1,60 1,70 1,80 1.90
mean 0,2932 0.2791 0,2661 0.2530 0,2420 0,2305 0,2197
S 0,0327 0,0314 0,0305 0,0299 0,0283 0,0277 0,02772*60 A3 0,353 0,342 0,282 0,279 0*195 0.114 0,128
A4 -0,817 -0.725 -0,697 -0,637 -0,531 -0.576 -0.485
X2 10,12 6*84 7,75 8.83 5,72 4,92 4,35
MEAN 0,3227 0,3098 0,2974 0.2852 0,2743 0,2630 0,2523
S 0,0350 0,0347 0,0 340 0,0319 0,0309 0,0305 0.0299
2*66 A3 0,434 0,369 0,352 0,375 0,291 0,27 5 0,260A4 -0,808 -0,843 -0,780 -0,758 -0,697 —0,676 -0,651
X2 12,34 13,96 10,31 5,95 6,76 6,67 6,84
MEAN 0,3272 0,3148 0,3027 0,2904 0,2793 0,2685 0,2574
s 0,0351 0,0347 0,0342 0,0324 0,0313 0,0309 0,0303
2.67 A3 0*419 0,411 0,350 0,337 0,326 0,274 0,287
A 4 -0,811 -0•BO? -0,781 -0,762 -0,694 -0,718 -0,639
X2 13,16 11,58 10,18 8,62 5,81 7.76 7,28
MEAN 0,3322 0,3200 0,3078 0,2957 0,2844 0.2741 0.2634
S 0,0356 0,0348 0,0345 0,0326 0,0316 0,0311 0,0306
2,68 A3 0,394 0,426 0.357 0,362 0,366 Q.291 0,275A 4 -0,854 -0,800 -0,812 -0,775 -0,710 -0,697 -0,676
X2 12,07 12,07 12.04 7,45 5,65 6,76 6,67
mean 0,3365 0,3244 0,312? 0,3012 0,2899 0,2793 0,2689
s 0,0363 0,0354 0,0350 0,0342 0,0325 0,0313 0,0311
2,69 A3 0 ,411 0,433 0,369 0,352 0,331 0.318 0,274
A4 -0,894 -0,824 -0,843 -0,780 -0,778 -0,675 -0,718
X2 17,21 13,69 13,96 10,31 7.17 7.00 7,76
MEAN 0,3410 0,3291 0,3177 0,3066 0,2950 0,2846 0,2743
s 0,0365 0.0353 0,0350 0,0345 0,0328 0,0317 0.0312
A3 0,397 0,419 0,411 0,350 0,346 0,342 0,309
A 4 -0,900 -0,811 -0,80? -0,781 -0,778 -0,694 -0,676
X2 16,79 13, 16 11.58 10, 18 7,5? 7,16 6.71
MEAN 0,3642 0,35 26 0,34.18 0,3316 0.3214 0,3114 0,3014
S 0,0399 0.0381 0,0367 0,0365 0,0359 0,0349 0,0336
A3 0,341 0,397 0,405 0,392 0,379 0,335 0,346
A 4 -0,911 -0,900 -0.861 -0,848 -0,836 -0,745 -0,778
X2 15,20 16,79 12,40 12,85 14,76 9,48 7,57
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ASE a 2 SAMPLE SIZE « 76
XAMPLE ■ 1 NUMBER OF CLASSES = 10
ROSS^PLQT » DENS,-RESISTIVITY DEGREES OF FREEDOM * 7
AMPLE « LOOP X2 ( 0,99-0,95 ) * 19-14
b s g b s ; s s : : : : s : s s 3 : S 8 S 3 : 3 3 3 : e 8 C B 8 3 3 3 S 3 : 3 : 8 8 3 : : 3 3 3 3 3 : :
M ( CEMENTATION e x p o n e n t )
11 u 11 11 t! II II II II 3 3 ; : ; : a :
1*30 1 f 40 1,50 1,60 1,70 1,00 1,90
s s s : b s 3 8 B B 3 S 8 S S 3 3 S 3 3 3 3 3 3 3 3 3 3 3 3 3 : 3 : 3 3 3 3 3 8 3 3 3 3 3 11it11it11ti11 ::::::::: 3 3 : 8 3 : 8 3
' MEAN 1,0709 1,1127 1,1547 1,1987 1,2392 1,2820 1,3218
S 0,0944 0,0950 0,0979 0,1001 0,1053 0,1084 0,1078
A3 *0,197 «0,077 *0,024 *0,002 0,009 Q, 069 0,173
A4 *0,849 9*0 * 84S -*0,832 *0,722 *0,725 -0,655 -0,450
xs 8*20 7,01 5,82 4,33 5,99 6,24 4,24
MEAN 0,9876 1,0237 1,0599 1,0942 1,1297 1,1650 1,2024
S 0,0938 0,0959 0,0940 0,0941 0,0968 0,0990 0,1020
,66 A3 *0,191 *0,138 *0,260 *0,088 *0,038 -0,017 -0,002
A4 *0,974 *0,904 *0,848 *0,937 *0,811 -0,825 -0,782
X2 9,23 8,37 7,36 12,18 5,63 7,27 3,26
MEAN 0,9733 1,0093 1,0451 1,0795 1,1124 1,1467 1,1832
5 0,0931 0,0952 0,0944 0,0931 0,0955 0,0974 0,1006
,67 A3 *0,174 *0,149 *0,256 *0,138 *0,077 *0,037 -0,003
A4 * 1,004 *0,929 *0,898 *0,919 *0,848 *0,808 -0,805
X2 10,86 8,48 10,84 8,74 7,01 5,05 6,05
MEAN 0,9620 0,9964 1,0312 1,0642 1.0967 1,1295 1.1638
S 0,0933 0,0944 0,0962 0,0937 0,0944 0,0979 0,0993
,68 A3 *0.195 *0,185 *0,153 *0,229 *0,083 -o.ou -0,017
A4 *1,024 *0,940 *0,859 *0,851 *0 ,913 *0,857 -0,825
X2 11,17 7,86 10.33 0*46 10,07 5,08 7,27
MEAN 0,9499 0,9827 1,0156 1,0492 I,0825 1,1133 1,1449
S 0,0934 0,0940 0,0957 0,0933 0,0939 0,0961 0,0981
,69 A3 *Q ,254 *0,191 *0,138 *0.273 *0,138 -0,077 -0,024
A4 *0,967 *0,974 *0,904 *0,818 -0,919 -0.848 -0,832
X2 10,26 9,23 8,37 8,40 8,74 7.01 5,82
mea n 0,9375 0,9689 1,0013 1,0356 1,0664 1,0963 1,1282
s 0,0930 0,0938 0,0951 0,0952 0,0934 0,0944 0,0984
.70 A3 *0,255 *0,172 *0,149 *0,203 *0,142 -0,063 -o,on
A4 *0,951 -1,021 -0,929 *0,845 *0,943 -0,8 n -0,857
X2 9,85 12,39 8,48 8,48 7,49 0,05 5,08
m ean 0,0831 0,9093 0,9367 0,9646 0,9917 1,0222 1 ,0483
S 0,0936 0,0931 0,0932 0,0946 0,0956 0,0950 0 ,0933
2,75 A3 *0,175 -0,216 *0,195 -0,189 -0, 152 -0,189 -0,155
A4 *1,040 -O', 99 8 *1,024 *0,991 *0,910 *0,041 -0,916









SAMPLE SIZE a 64
NUMBER PE CLASSES * 10
DEGREES OF FREEDOM * ?
X2 ( 0.99-0,95 ) = .19-14
DENS M ( CEMENTATION EXPONENT )
1,30 1.40 1,50 1.60 1.70 1,30 1 ,90
MEAN 0,07 0,06 0.06 O’, 05 0,05 0,05 0,04
S 0.030 0,028 0.027 0.026 0 .024 0,02? O'. 071
2*60 A3 1.620 1 .534 1.396 1,315 1.242 1,288 1,252A4 2,635 2,371 1.850 1 • 466 1,320 1,43 6 1,245
X2 24 ,60 17.37 19,82 20.02 16, no 20,68 24,40
MEAN 0.08 0.08 0,07 0.0 7 0.06 0,06 0.05
S 0,035 0,033 0,031 0,030 0,028 0,027 0.0262,66 A3 1.664 1 , 6 2 0 1.581 1,522 1.425 1,323 1.257
A4 2.763 2 .635 2,464 2.298 1.921 1,459 1,299
X2 21,58 24,60 24,70 18,39 19,11 23,78 21 ,67
MEAN 0,08 0,08 0,07 0.07 0,06 0*06 0,06
S 0.035 0,033 0,032 0,030 0.029 0.02 8 0,027
2.67 A3 1.684 3 ,65 2 1.620 1,570 1,497 1*350 1,315
A 4 2.876 2 .733 2,635 2,461 2.214 1.518 1*466
X2 20,38 2 3,34 24,60 21,73 18.03 2 1, i a 20,02
MEAN 0,09 0.08 0,07 0,07 0,07 0,06 0.06
S 0.036 0,034 0.033 0,031 0.029 0,029 O',028
2.68 A3 1.720 1,631 1.620 1,570 1,541 1.383 1*323
A4 3.110 2,662 2,635 2,461 2,383 1,641 1,459
X2 ia.41 2 1 # 4 2 24,60 21,73 15,07 19,72 23,78
MEAN 0,09 0.08 0.08 0.07 0.07 0,06 0,06
S 0.037 0,035 0.033 0,032 0.030 0,029 O', 0292.69 A3 1.700 1,644 1.620 1,581 1.532 1,395 1*350
A 4 3.036 7 ,69 3 2,635 2*464 2.298 1,751 1. 518
X2 17,95 19.71 24,60 24,70 20.97 18,9? 21,18
MEAN 0,09 0,08 ’ “ 0 .08 ” ~0~. 07 • oT 0 7 " 0,07 0.^6
s 0.039 0 .036 0.034 0.033 0,031 0 ,030 O',029
2.70 A3 1,787 1 .64 4 1.599 1,6 20 1.570 1 .497 1 .350
A 4 3.447 2.693 2,564 ,2,635 2.461 2,214 1*518
X2 17.85 19,71 23.16 24.60 21.73 19,03 21.18
MEAN 0 , 1 0 0.10 0,09 0,09 0,08 0.08 0 , 0 7S 0.042 0,041 0,038 0,0 37 0.035 0,034 0, 0 3 3
2.75 A3 1.955 1,791 1.700 1,612 1 ,599 1,561 1.512A 4 4.08 9 3,609 3.036 2,593 2.564 2,396 2.232







a DENS,- r e s i s t i v i t y
sample size










* e s s s s e 1.30
M ( C 1.40
e m e n t a t i o n EXPONENT ) 
1,50 1,60 1,70 1,80sssssassss 1.903 S S S 3 S S
M E A N 0,2555 0,2453 0,2373 0,2270 0,2173 0,2088 0,2007
#60
S 0,0335 0,0518 0,0519 0,0508 0,0488 0,0481 0,0475A3 1,195 1,158 0,964 0,919 0,890 0.820 0,842A 4 1.155 1,112 0,543 0,443 0,293 0.037 -0,075X2 15,23 14.00 9.82 12,23 9,37 11,00 12.37
MEAN 0,2609 0,2707 0,2598 0,2514 0,2434 0,2361 0.2266
s 0,0556 0.0547 0,0541 0,0528 0,0533 0,0520 0.0508
2 #66 A3 1,298 1 ,224 1.195 1,157 1.013 0,919 0,878A 4 1,433 U 279 1, 155 1,066 0.568 0.443 0,254
X2 16,48 16,25 15.23 12,67 13,36 12.23 11,85
mean 0,2836 0,2749 0,2645 0,2550 0,2479 0,2400 0,2316
s 0,0547 0,0550- 0,0546 0,0535 0,0531 0,0525 0,0514
2 #67 A3 1» 311 1,254 1.195 1.175 1.031 0,964 0,878
A 4 1,754 1,360 1.155 1,107 0.715 0.543 0,254
X2 12 ,08 1.4,52 15,23 12,77 13.40 9,82 11.85
MEAN 0,2871 0,2790 0,2687 0,2589 0,2 516 0,2437 0.2367
S 0,0553 0,0557 0,0547 0.0546 0,0534 0,0536 0,05222,68 A 3 1,328 1,250 1,224 1.166 1,101 0.987 0,919
A4 1,747 1,325 1,279 1,037 0,887 0,5-14 0,443
X2 14,08 15.34 16,25 14.00 14,59 13,91 12,23
MEAN 0,2915 0,2826 0,2734 0,2632 0,2552 0,2487 0,2409
S 0,0557 0,0560 0,0552 0,0547 0,0538 0,0541 0,0531
2 «69 A3 1,328 1 #298 1,224 1,195 1.151 0,987 0.937
A 4 1,747 1,433 1,279 1.155 1,028 0,514 0,454
X2 14,08 16,48 16,25 15,23 12.52 13,91 11,01
mean 0,2949 0.2862 0,2.775 0,2680 0,2588 0,2524 0,2447
s 0,0562 0,0563 0,055 5 0,0552 0,0545 0,0538 0,0538
2,70 A3 1,358 1,282 1,254 1,195 1.170 1,05? 0,972
A4 1.915 1.511 1,360 1,155 1.071 '0,774 0,510
X2 14,56 11,70 14,52 15,23 12.97 12.68 11,83
MEAN ^,3104 0,3053 0.2966 0,2894 0,2813 0,2726 0,2651
S 0,0586 0,05 76 0,0578 0,0573 0,0568 0,0565 0,0562
2,75 A3 1,504 1.358 1,330 1.279 1.224 i, 195 1,141
A4 2,234 1.815 1 * 646 1,409 1.279 1.155 0,957
X2 14,65 14,56 14,84 14,82 16,25 15,23 13,32
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SE S 2 SAMPLE SIZE « 64
AMPLE a 2 NUMBER OF CLASSES a 10
OSS-^PLQT a DENS,-RESISTIVITY DEGREES OF FREEDOM a 7
MPLE a LOOP X2 ( 0,99-0,95 ) a 19-14
:a«ssssss:s::3s:s:ss:s:s!::s:aspsss:::s::ss:3::g::ss:e:s:s:ss3::;s::s.a s s
NS, M l  CEMENTATION EXPONENT )
1,30 1,40 1.30 1,60 1,70 1.80 1,90sassssss SSSSSSSS33 »if»it»ii
' m ean it 1982 1,2293 1,2677
s 0,1622 0,1681 0,1743
60 A3 -0,826 -0 ,624 -0,58A
AA 0,210 -0,121 -0,303
X2 11,?4 8,05 11 »7A
m ea n 1,12 5 A 1,15A5 1,1868
5 0,1385 0,1595 0,1655
66 A3 -0,759 -0,752 -0,750
AA 0,177 0*168 0,091
X2 8,45 7,31 6,06
m ean 1,1122 1,1391 1,1716
s 0,1566 0,1581 0, 1629
67 A3 -0 * 78A -0,732 -0,770
AA 0,245 0,168 0,176
X2 7, 7A 7,31 6,92
MEAN 1,1006 1,1289 1,1568
S 0.1542 0,1558 0,1622
68 A3 -0,825 -0,791 -0,775
AA 0,365 0,257 0,151
X2 9 ?A2 7,20 7,10
MEAN 1,0880 1,1203 1,1461
S 0,1536 0,1587 0,1594
69 A3 -0,834 -0,759 -0,752
AA 0,348 0,177 0,168
X2 10,86 8,45 7*31
mean 1,0747 1,1071 1,1320
s 0,1525 0,1569 0,1588
70 A3 -0,834 -0,784 -0,758
AA 0,348 0,245 0,144
X2 10,86 7,74 8,30
mea n 1,0315 1,0470 1,0736
S 0, 1493 0,1514 0,1556
75 A3 -1,039 -0,869 -0,816
A 4 0,732 0,412 0,255
X2 7,62 8,35 9,93
ii ii ii n ii ii ti n ii ii ti ii u II II II sss;2s:-ss
1,3042 1,3473 1,3844 1,4226
0.1763 0,1822 0,1874 0,1966
-0,499 -0,455 -0,4U -0,367
-0,276 -0,365 -0,422 -0,584
6,25 7,60 5,35 5,31
1,2149 1,2397 1,2747 1,3067
0,1693 0,1736 0. 1747 0,1787
-0,691 -0,556 -0,568 -0,495
-0,154 -0,327 -0,269 -0,347
' 12,22 9,91 9,21 8,46
1,2013 1,2279 1,2580 1,2877
0,1603 0,1709 0,1743 0,1760
-0,706 -0,605 -0,584 -0,516
-0,103 -0,222 -0,303 -0,286
11,55 9,30 11,74 7,50
1,1906 1,2151 1,2403 1,2710
0.1670 0,1716 0, 1743 0.1761
-0,725 -0,646 -0 ,556 -0,548
0,035 -0,270 -0,327 -0,333
7,35 14,45 9,91 10,49
1,1752 1,2014 1,2231 1,2564
0,1651 0,1701 0,1737 0,1749
-0,750 -0,667 -0,556 -0,584
0,091 -0,135 -0,356 -0,303
6,06 10,05 9,81 11.74
1,1602 1,1893 1.2103 1,2387
0,1627 0,1707 0,1727 0,1750
-0,770 -0,661 -0,603 -0,556
0,176 -0,168 -0,311 -0,327
6,92 8,46 10,02 9,91
1,1000 1,1200 1.1446 1 .1689
0,1591 0,1634 0,1646 0,1722
-0,737 -0,765 -0,750 -0,643
0,153 0.067 0.091 -0,238
8,61 7,74 6,06 8,99
T 1314
ASE , = 2 SAMPLE SIZE = 53
XAMPLE a 3 NUMBER OP f.LASSES = 10
ROSS-PlQT = OEMS.-RESISTIVITY DEGREES OF FREEDOM * ?
AMPLE * P X2 ( 0.99-0,95 ) = 19-14
NS’. m ( CEMENTATION EXPONENT )
1.30 1.40 1.50 1.60 1 ,70 1,80 1.90
MEAN o.ie 0.16 0.15 0.14 0.12 0,11 0.10
S 0.073 0 ,067 0,063 0,057 0.05 3 0,049 o O '
60 A3 s 0*450 0,460 0,533 0,593 0.634 0,651 0,707
A4 — 0 • 2 5 3 -0,209 -0,161 -0,021 -0,031 0,047 0 ,156
X2 11*96 15.91 14,87 12.14 10.97 9,74 8,82
mean 0,21 0,19 0,18 O'. 17 0,16 0,15 0.14
s 0.084 0,078 0,074 Q.070 0,065 0,06? 0,05766 A3 0.367 0,4 36 0.457 0,470 0.529 0,515 0*621A 4 -0,279 -0,155 -0,143 -0,242 -0.086 —0,166 0.034
X2 10,11 10,41 13,98 16.60 18.36 18,25 10,82
MEAN 0,22 0.20 0,19 0,17 0.16 0.1.5 0.14
S 0,087 0.081 0.076 0,071 0.069 0,063 0,059.67 A3 0.367 0.367 0,457 0,468 0.492 0,536 0,621
A4 -0,279 -0,279 —0,143 -0,177 -0.209 -0,087 o o
X2 10,11 i  o * i i 13.98 14.34 15,57 21,46 10,82
M£AN 0.22 0,21 0.19 0.18 0.17 0,16 0.15
s 0.090 0,083 0,078 0,074 0,070 0*066 0,061.68 A3 0.327 0,367 0,440 0,468 0.470 0*553 0*564
A 4 —0,364 -0,279 -0.220 -0,177 -0.242 -0,080 -0,073
X2 13,34 10.11 11.35 14,34 16,60 18,44 14.01
MEAN 0,23 0.21 0,20 0.19 0,17 0,16 0.15
s 0.093 0,086 0,080 0,075 0.072 0 ,068 0,064
,69 A3 0.331 0,367 0,411 0,4.57 0.470 0,511 0,536A 4 -0.419 -0.279 -0,159 -0.143 -0.242 -0,132 -0,087
X2 14,56 lQ.il 9.69 13,98 16,60 18.71 21 ,46
MEAN 0,24 0.22 0.21 0,19 0,18 0, 17 0.16
S 0.095 0,088 0,083 0,078 O', 074 0,071 O', 065
,70 A3 0,320 0,367 0.367 0,457 0.470 0,492 0.5 37A4 -0,384 -C.279 -0,279 -0,143 -0.242 -0,209 -0,010
X2 13,90 10*11 10,11 13,98 16,60 15,57 10,81
MEAN 0,27 0.25 0,24 0.22 0,21 0,20 0.19
S 0.108 0.102 0.095 0,089 0.035 0,080 0,078
.75 A3 0.239 0,304 0,303 0,367 0,38 8 0,457 0,470
A 4 -0.533 -0.447 -0,363 -0,279 -0.260 -0,143 -0.242
X2 12,62 12.25 13,50 10.11 8,70 13,98 16,60
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ASE
e x a m p l e
CROSS^PLOT
SAMPLE
» 2 a 3
a D E N 5 « - R E $ I S T IV I T V 
a Pl/2
SAMPLE SIZE 
NUMBER OF CLASSES 
DEGREES OF FREEDOM 






r; ( CEMENTATION EXPONENT ) 
1,40 1,50 1,60 1*70 It 30 1,90
S3SS
MEAN 0,4090 0,3953 0,3781 0,3591 0,3448 0,3298 0,3156
S 0,0$57 0,08 30 0,0798 0,0779 0,0748 0*0713 0,0696
2,60 A3 0,017 0,100 0*150 0,20 34**0' 0,211 0,223 0,273A4 "0,873 -0 ,796 -0,771 -0,820**" -0,733 -0,634 -0*539
X2 10,95 7,49 11.43 13,29 - 10.55 7,54 5,71
MEAN 0,4513 0.4316 0.4155 0*4030 0,3882 0,3733 0,3584
S 0,0929 0,0897 0,0859 0,0852 0,0808 0*0796 0,07722,66 A3 "0,091 -0,003 0,038 o a o o 0,138 0.175 0*198
A4 -0,898 -0,901 -0.860 "0,832 -0,743 -0,770 -0*737
X2 12.92 13*56 11,01 8.77 9,82 12,03 9.68
MEAN 0,4566 0,4401 0,421? 0,4080 0,3962 0,3807 0,3672
S 0,0940 0,0912 0,0879 0*0370 0,0825 0,080? 0,0783
2,67 A3 "0,067 -0,052 6,017 0,103 0,128 0.175 0,159A4 "0,903 — 0,906 "0,873 "0,826 "0 * 790 -0,770 "0*743
X2 13,64 10,89 10,93 11*04 7*93 12,03 11.50
MEAN 0,4634 0*4463 0*4233 0.4136 0,4020 0,3888 0,3740
s 0,0951 0,0924 0,0890 0,0858 0*0852 0*0819 0,0799
2,68 A3 "0,091 -0,052 0,01? 0,038 0*100 0,150 0,175
A 4 -0,89B -0,906 -0,873 "0,860 "0*832 "0,771 -0,770
X2 12.82 10*89 10,95 11.01 8,77 11,43 12,03
MEAN 0,4685 0 , 4 5 4 n 0,4369 0,4206 0,4092 0*3955 0,3815
S 0,0973 0,0935 0*0902 0,0869 0,0864 0,0821 0,08112,69 A3 "0,109 -0,091 -0.047 0.038 o.ioo 0,138 0,175
A4 "0.911 -0,898 -0,870 -0,860 "0,832 -0,743 -0*770
X2 12,47 I 2*82 12,68 ‘ 11.01 B *77 9,82 12.03
MEAN 0,4752 0 ,460 2 0,4440 0,4263 0,4142 0,4035 0,3897
S 0.098 7 0,0946 0,0921 0*0890 0,0882 0,0839 0,0822
2,70 A3 "0,128 "0,091 "0,032 0.017 0.103 0,128 0.150
A4 -0,931 "0,893 -0*906 -0,873 "0 e 826 -0,790 -0*771
X2 15,54 12,82 10,69 10,9.5 11.04 7,93 11.43
MEAN 0,5059 0,4913 0,4771 0*4624 0,4498 0,4340 0.4233
S 0,1071 0, 1028 0,0930 0,0957 0,0935 0,0891 0,0887
2.75 A3 -0.155 -o ,lii -0,091 -0,052 -0,052 0,044 0, 136
A 4 -0,983 -0,946 -0,89 8 "0,906 -0,906 -0,819 -0,770
X2 13.70 16*17 12,82 10,89 10f 89 13,01 14,43
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ASE a 2 SAMPLE SIZE a 53
XAMPLE a 3 NUMBER DP CLASSES = 10
RUSS-PUOT « D E N S , -RESISTIVITY DEGREES OF FREEDOM ■ 7AHP'IE « LOOP / X2 ( 0,99-0 ,95 ) 8 19 —14
S B S S S S B S S S 8Ss s :s s s c 3b:s 888:i s s 3Bs s b : 8 8 3 s 3 * s : S
NS, ■ M ( CEMENTATION e x p o n e n t )
1,30 1,40 1,50 1.60 1,70 1,80 1 ,90
BSlSSflsSSS B s s a s a s s t s s s s s s a s s S S 5 9 S S S S uIIItItItIIII1,IIIfII ititiiiiHIIUIIII ti ii ti it it u ii
' Mg AN 0,7904 0,8360 0,8750 0,9076 0,9526 0,9H81 1,0250S 0.H85 0,1846 0,1910 0,1906 0,1900 0,1898 0,19].7
,60 A3 0.282 0,279 0,248 0,294 0,185 0, 140 0,190A4 -1,033 -0,898 •*0,927 -0,754 -0,761 -0,749 -0,715
X2 19,83 11,65 9,86 10,28 7,30 7,96 8,38
MEAN 0,7X13 0,7464 0,7862 0,8173 0,8514 0,8777 0,9100
S 0,1869 0,1870 0,1884 0,1841 0,1886 0,1907 0.1897,66 A3 x 0,386 0,365 0,282 0,279 0,250 0,282 0,284A 4 -0,992 -*1,005 -1,033 -0,898 -0,899 -0,803 -0,725
X2 19,24 21,92 19,83 11,65 11,72 11,25 9,51
m e a n 0,6983 0,7323 0,7714 0,8031 0,8332 0,8678 0,3930
s 0,1873 0,1881 0, 1875 0,1851 0,1891 0,1915 0,1907
• 67 A3 0,401 0,363 0,282 0,284 0,248 0,248 0,294A4 -1,004 -1,026 -1,033 -0,927 -0,927 -0.927 -0,754
X2 22f 18 20,46 19,83 13,01 9,86 9,86 10,28
mean 0,6869 0,72Q0 0,7561 0,7907 0,8199 0,8520 0,8764
s 0,1871 0.1878 0,1871 0,1866 0,1847 0,1892 0,1911,6a A3 0,401 0,363 0,305 0.265 0,279 0.250 0,282
A 4 -1«004 -1,026 -1.028 -0,987 -0,898 -0.899 -0,803
X2 22,18 20,46 19,57 14 ,96 11.65 11,72 11,25
MEAN 0,6742 0,7065 0,7387 0,7737 0,8039 0,8351 0,8617
S 0,1850 0.1870 0,1871 0,1883 0,1839 0,1883 0,1928
,69 A3 0,399 0, 386 0,365 0,282 0,279 0,250 0,268
A 4 -0,975 **0,992 -1,005 -1,033 -0,898 -0,899 -0,867
X2 20,79 19,24 21,92 19,83 11,65 11.72 11,23
MEAN 0,6618 0,6946 0,7246 0,7609 0.7913 0,8186 0,8504
s 0,1861 0,1868 0,1882 0,1875 0,1868 0,1374 0,1897
,70 A3 0,398 0,386 0,363 0,282 0,2 88 0.250 0,250
A4 -0,996 -0,992 -1,026 -1,033 -0,956 -0,399 -0,899
X2 18,39 19,24 20.46 19,83 14,13 11, 72 11.72
MEAN 0,6099 0,6329 0,661? 0,6876 0,7151 0,7468 0, 7698
S 0,1884 0,1859 0,1872 0,1673 0,1873 0,1382. 0,1836
75 A3 0.421 0,421 0,401 0,386 0,365 0.282 0.279
A4 -1,044 -0,983 -1,004 -0,992 -1,005 -1.033 -0,898
X2 20,70 17,97 22.18 19,24 21.92 19,83 11.65
T 1314 145
E a 3 SAMPLE SIZE » 43
M P U * 1 NUMBER QF CLASSES a 10
s's-p lot s SONIC98RESISTIVITY DEGREES OF f r e e d o m » 7PIE s P X2 ( 0,99«0 ,95 ) * 19«* 14
sssss:: BSSSSSSSSEasSSSBSSBSlSSSBSgBtBSSasaSBSBtBSSBtSS S B S 3 S 3 S B 8 8 S B 9 B B B
M M ( CEMENTATION EXPONENT )
i 170 1,80 1,90 2,00 2,10 2,20 2,30a a s s s 8 sb b s s b b s s s :S 8 3 S B B 8 B 8 & S S 8 B S S 8 B 3 S 3 8 S S 3 8 a S S 3  8 B I 8 S B B B 8 3  8 8 B B 8 B 8 B l S 8 B I
MEAN 2627,3 3665,1 4969,3 6957,5 9539,5 13447,3 18537.9s 1297,2 1786,7 2505,3 3577,7 4913,8 7031,0 9761,2
0 A3 0,039 0,012 0,171 0,146 0.249 0,292 0,449
A4 ■»X,204 » 1,244 ® 1,041 »1,026 »0 n894 «0,806 «0,427
X2 4,75 6,78 2,36 5,49 4,40 3,83 6,31
MEAN 1770,2 2427,0 3303,6 4484,6 6106,7 8293,8 10840,2
s 924,9 1296,3 1783,9 2463,9 3378,9 4958,8 7040,7
0 A3 6,272 0,260 0,378 0,609 0,546 0,664 0,904
A4 ®o,a4o «Q,945 a*Q, 692 «0,206 »0,061 0,014 0,602
X2 4,91 3,32 3.39 5,04 2,30 4,68 2,44
me a n 1372,9 1814,3 2430,5 3199,9 4345,7 5891,3 7708^8
s 74a,5 1018,7 1411,5 2008,6 2895,3 3861,3 5499,3
■D A3 0,400 0,639 0,633 0 . 9 U 0.897 1,019 1.255
A4 »0 *633 *s0,046 «0,005 0,422 0,533 1,273 1.905
X2 3,43 3,02 3,57 6,83 4,12 1,60 5,60
MEAN 1236,5 1633,0 2145,3 2864,4 3871,5 5179,2 6782,6
S 708,3 965,6 1325,0 1917,7 2549,9 3687,3 5106,40 A3 0,586 0 ,/629 0,874 0,897 1,019 1,121 1,362A 4 ®>Q,341 ■»0,138 0,429 0,533 1.273 1.433 2,250
X2 6,03 3,89 4.81 4,12 1,60 3,70 8,97
MEAN 1101,1 1443,4 1908,9 2633,3 3376,8 4486,1 5994,0
5 659,4 896,5 1295,7 1784,6 2447,4 3397,0 4813,1
0 A3 0,668 0,803 0,889 0,969 1.138 1,311 1,442
44 «0,037 0,204 0,406 0,806 1,419 2,020 2,454
X2 3,27 5,48 3,92 3,02 4,63 8,34 10,46
m ea n 974,6 1276,7 1703,2 2228,1 2924,4 3931,6 5274,8
s 599,6 857,0 1212,6 1625,1 2268,7 3175,3 4283,5
0 A3 0,760 0,915 0,969 1,138 1,291 1,442 1,619A4 0,160 0,470 0,684 1,419 1.926 2,454 3.455
X2 5,36 4,47 4,63 4,63 10,01 10,46 10,02
me a n 863,3 1131,5 1450,4 1931,0 2613,8 3463.3 4522,4
s 363,2 811,6 1098,3 1508,1 2124,4 2828,2 3911.6
0 A3 0,976 0,969 1,134 1.291 1,390 1,619 1,836
A 4 0*605 0,684 1,325 1,926 2.206 3,455 4,432





U  » Pl/2




SAMPLE SIZE = A3
NUMBER OF CLASSES = 10
'RESISTIVITY DEGREES OF FREEDOM a 7
X2 ( 0.99«Qi95 ) ■ 19-H::r3s:::::::5sss::5:; = = 5:s;:;; s's ::::::s::s:ss::s:::5::
M ( CEMENTATION EXPONENT )
1*80 1*90 2.00 2*10 2,20 2,30








































MEAN 40,74 46,87 54,47 63,64 74,56 84,90 99,69
$ 11,6503 14.0831 16.7066 19.6807 23,7677 27,8819 33.2523
A3 *»Q, 265 -0 * 133 -0,139 -0,206 -0*157 -0,023 0,044
A4 r»0 ,984 -0*812 -0,764 -0,766 »Q,851 -0,533 -0,391
X2 3,99 1,47 4,73 4,11 3,64 1.75 0,97
MEAN 34,99 40,65 46,40 53.43 62,13 71.41 81,98
S 10,8373 13.1288 15.4204 18,0356 21.8189 26,7698 31,1203
A3 -0,137 -0 * 159 0,009 -0,037 0,044 0,151 0,233
A 4 s»Q, 636 -0*810 -0,741 -0,469 -0,391 -0,465 —0,316
X2 1,26 2,81 2,24 1,55 0,97 2,34 3,08
m e a n 33,30 37,94 43,61 50,65 58,07 66,55 76,50
s 10,5788 12.8556 14,6814 17,9736 21.4950 25,3794 29,8781
A3 » 0,178 -0*014 0,038 0,008 0.153 0,186 0,310
A4 -0,692 -0,833 -0,573 -0,514 -0,355 -0,314 -0,132
X2 2,18 3,24 1,00 2.86 2,68 2,88 1,66
MEAN 31,38 35,49 41,14 46.92 54,05 62,32 72.15
S 10,6113 12,2862 14.4939 17.4832 21,4406 24,9654 29,2179
A3 -0,079 0,083 0,074 0,153 0,230 0,297 0,342
A4 -0,759 -0,572 -0,553 -0,355 -0•360 -0,242 -0.063
X2 2,04 0,90 2,48 2,68 2,26 0,78 1,63
MEAN 29,00 33,42 38,51 43,97 50,31 57,87 66,53
S 10,2315 12.0469 14,8621 17.4100 20,6224 24,1203 28,9017
A3 0,029 0,054 0,081 0,229 0,265 0,309 0,375
A4 —0,640 -0.612 -0,618 -0,382 -0.299 -0,084 -0,146
X2 1,67 4,10 4,21 3,02 0,95 0.25 2,60
MEAN 27,58 31,34 35,72 40,47 46,61 53,50 60,40
S 10,2264 11.9900 14,5614 16.8551 20,2102 23,6330 29,0581
A3 0,029 0.132 0.179 0,265 0.329 0,356 0,463
A4 —0•640 -0,601 -0,495 -0,299 -0,151 -0,104 -0,180
X2 1,67 3,36 3,51 0,95 0,36 1«19 2,23
/
T 1314 147
'£ = 3 SAMPLE SIZF - 43
M P U  = 1 NUMBER QF CLASSES = 10
ISS-PtOT S SDNIC-RESISTIVITY DEGREES np F-REEDOM * 7
MPLE = LOOP X2 ( 0,99-0,95 ) = 19-14
TM '1 ( CEMENTATION EXPONENT )












































































































































































































X 9 2 2 6 
3 , 8 0
2*9891 








































i, i a 2
2,92


























E f 3 SAMPLE SIZE ■ 33
MPL6 « 2 NUMBER OF CLASSES .% 10
SS-PLQT ■ SONIC-RESISTIVITY DECREES OF FREEDOM ■ 7
PLE * P X2 ( Q,99«0,95 ) * 19-1A
GBSB8S«BB3B9>EBSBS:BSS3l38BSBaSBS3:3)!S:BS3aiiaSsa83SS9tSS3SSaaBI3iaa9B
M M t CEMENTATION EXPONENT )
1,70 1,80 1,90 2,00 2,10 2,20 2,30
3 S 3 S 3 B S 8 f l S 3 3 S 8 S 3 S S B S a ; S 8 S S a t B B B , S B X 8 B B B S S E S B 8 B B B B 8 B B 3 B S B C 8 B I B a a B 8 S a s B a B S B
MEAN 772,4 1054,2 1404,6
S 306,8 421,2 573,9
0 A3 0.425 0,370 0,438
A4 *»Q»889 n»0,663 !?0,82Q
X2 o , n 1,45 1,44
m e a n 589,1 800,6 1066,9
s 243,9 331,4 431,5
0 A3 0,440 0,361 0,280A 4 **0,790 *-0,837 «0,712
X2 1,43 0,54 0,64
MEAN 540,3 712,2 943,7
S 223,8 295,0 413,9
0 A3 0,391 0,307 0,346
A4 *0,764 »0,717 »Q,810
X2 0,54 1,80 0,14
MEAN 480,3 639,5 851,8
S 200,3 278,8 372,5
0 A3 0,345 0,327 0,404A4 e*Q, 670 **0,778 wO,801
X2 1,97 0,16 0,14
MEAN 433,2 570,5 739,1
S 168,3 253,2 338,4
0 A3 0,394 0,438 0,519
A4 **0,805 »0,796 *0,73Q
X2 0,14 0,15 0.61
MEAN 383,9 499,6 661,6
S 170,5 228,2 321,5
0 A3 0,448 0,502 0,412A4 - *0»719 »0,705 * 0, 8 2 4
X2 0,14 5,14 0,14
MEAN 29?,3 379,5 499,3
S 149,9 199,6 273,2
0 A3 0,430 0 ,454 0,441
A4 fsQ ,848 **0,776 *»Q, 656
X2 0,15 0,18 0,18
1927,5 2633,0 3598,0 4843,2
796,1 1095,0 1490,8 2041,10,410 0,377 0,318 0,344
j»0,865 «0,868 *0,839 *0,803
1,44 0,56 0,53 0,60
1414,5 1875,1 2540,3 3424,5
607,1 847,6 1169,2 1599,2
0,354 0,393 0.431 0,515
<*0,768 *>0, 862 -0,753 *0,811
0,15 0,12 0,13 0,14
1250,7 1685,4 2259,8 3036,8
568,6 769,8 1043,1 1441,8
0,393 0,510 0,473 0,468«0,862 *0,735 *0,784 *0,850
0,12 0,12 6.12 0,14
1116,8 1497,1 1999,0 2639,2
512,4 696,2 956,4 1328,4
0,542 0,473 0,468 0,480
•652 «0•784 *0|850 *0,585
0,11 0,12 0,14 0,15
990,4 1313,4 1736,4 2348,7
470,1 647,1 882,4 1225,40,489 0,424 0,480 0,514
«0,808 *0,856 *0,5 85 *0,560
0,13 0,16 0,15 0,20
866,7 1146,6 1525,2 1958,4
436,4 589,1 799,9 1149,6
0,442 0,480 0,466 0,591
*sO ,880 »0,585 *0,705 *0,577
0,17 0,15 0,73 0,23
649,1 847,8 1088,2 1437,1
367,7 497,8 685,6 947,80,460 0,600 0,616 0,698
«0,726 >90,456 *0,434 *0,266
0,68 0,26 0,64 0,32
T 13X4* 3 SAMPLE SIZE * 33





r e s i s t i v i t y d e g r e e s OF
X2 ( 0,99«
FREEDOM 
0.95 ) ® 7a 19*




CEMENTATION EXPONENT ) 
1*90 2,00 2,10 2,20'»SS»«*8
































































































40 * 36 
9,6790 
























































































































































































SF «■ 3 SAMPLE' SIZE * '33
AMPLE 'a 2 NUMBER QF CLASSES = 10
P5S-PLPT s 5 C< ■ -I IC - R E S I S T I y 11 y OCHREES OF FREEDOM * 7
MPLS = LHGP X2 ( 0.99-0,95 ) a 19-14
TM M { c e m e n t a t i o n e x p o n e n t )
1*70 . 1 ,00 1 .90 2.00 2,10 2,2n 2,30






















































































0,19 6 5 






































7 a 6 4 2 5 




























































































































































SE s 3 SAMPLE SUE = 3Z
AMPLE * 3 NUMBER OF CLASSES ■« 10
OSSaPLOT « SONIC»RESISTIV|TV DEGREES OF FREEDOM s 7
MPLE f P X2 ( 0,99»0,9S ) » 19*19
s s t s s a s a s s s : s B i 8 S S 3 : 3 s S B 3 : s s s s B 3 S S 8 S s r S 8 9 s 8 B 8 : e a s : i a : 3 > B S 3 S ! ! a s E B S B S t 8 s s
TM M ( CEMENTATION EXPONENT )
1,70 1,80 1,90 2,00 2,10 2.20 2,30
S:,Gie3S8E3,ISBE89,SSBSI3,SSSSSa53s3813«SS,SSsBS::BS,aiSBI8BlsesSS,e83a
MEAN 1537,2 2065,5 2765,2 3798,A 5060,9 6893,6 9399,0
S 592,0 732,3 965,8 1336,8 1795.7 2367.2 3186,2
,0 A3 0,672 0,697 0,758 0,770 0.803 0i897 0,712
A9 »0,895 *0,899 »Q,599 a0,502 »0,193 0.052 a0,196
X2 0,91 0,90 0,32 0,31 0,22 0,25 1,89
Mg AN 1161*1 1530,5 2061,8
s 406*5 531,5 717,10 A3 0,764 0,803 0,792
A4 »0 #449 **0,143 «Q,067
X2 0,26 0,22 1.61
m ea n 1038,0 1384,1 1813,3
s 361*5 484,9 612,4
0 A3 0,791 0,832 0,846
A4 »Q,150 **0,008 0,317
X2 0,22 0,19 1,72
MEAN 938,1 1215,8 1612,8
S 330,4 419,3 553,8
0 A3 0,832 0,843 0,982
A 4 *»0,008 0,260 0,414
X2 0,19 If 64 4,66
2705,0 3596,6 4829,2 6392,2
908,1 1256,0 1662,5 2262,60,846 0,843 1,002 1,082
0,317 0,260 0 f 498 0,679
1,72 1164 2,91 3,46
2397,3 3154,0 4170,2 5485,4843,4 1115,8 1476,6 1981,7
0,843 1.073 I? 193 1,0770,260 0,620 1.070 0,963
I *64 2,51 3,28 2,94
' «
21Q9f4 2730,1 3587,4 4688,6
742,7 973,6 1313.6 1786,9
1.082 1.077 1,130 1.1780,679 0,963 1,093 1,164
3,46 2,94 2,40 1,31
MEAN 823.1 1074,4 1402,7
S 286,1 371,7 509,9
0 A3 0,843 1,082 1,021
A 4 0,260 0,679 0,592
X2 1,64 3,46 3,76
MEAN 722,5 931,9 1193,3
S 258,1 340,1 445,0
0 A3 1,021 1,126 1,124
A4 0,592 0,963 1,025
X2 3,76 3,19 1,19
m ea n 461,0 566,3 736,9
s 192,6 258,0 340,5
0 A3 0,884 1,039 0,893
A4 0,885 0 ,943 0,699
X2 2f 88 5,20 1.85
,812,7 2341,0 3108,3 4037,4
654,7 883,0 1183,8 1622.6
1.077 1,178 1,111 1.1750,963 1.164 lf 106 1.067
2,94 i # n 1,16 9,28
,540,9 2032,6 2613.2 3387,7
595,2 799,3 1075,5 1429,5
1.213 1,181 1,221 1.113
1.201 1,129 1,227 1.133
2,64 5,19 4,98 1,62
914,9 1171,6 1468,8 1902,7
450,0 588,8 785,8 1049,0
0,823 0.823 0,863 0,868
0,743 0,743 0,6^7 0,472
3,70 3,70 5,18 5,35
T 13X1* 152






NUMBER OF CLASSES 




■ E: s e a s s a Pl/23s:ss:ss:: itiitiiiiiiiiiitit
X2
=s;s:::::=
{ 0,99-0 ,95 )soasssss
a 19«14




c e m e n t a t i o n EXPONENT ) 
1.90 2.00 2,10 2.20 2,30tillttllit s:sss::s:: II II II 11 U II II II II IIIIIIIIIIIt11IIIIII 11n11111111111111 ll ll ll it ti ii 11 11 IIItIIIIIIIIIIIIIIn 3:z;:;s
MEAN 38,90 44,80 52,07 60,53 70.07 82.10 94,63
s 6,8034 7,5853 8,5910 9.9188 11,6279 13,5619 15,5873
A3 0,441 0,486 0,477 0,474 0,538 0,649 0,719
A4 w 1 #007 *0*900 -0,764 —0,649 -0,463 -0,489 *0,218
X2 0,29 0,21 0,14 o , u 0,10 0,59 0,80
MEAN 33,47 38,52 44*41 51,22 59,62 68,30 78,73
S 5,4724 6,5127 6,9986 8,4576 9,4076 10.9884 13.0189
A3 0,506 0,541 0,745 0,719 0,541 0.663 0,640
A4 ®0,559 -0,544 —0,049 "0,218 *0.245 *0,009 0,097
X2 0,53 0 , U 0,26 0,80 2,58 2,96 1,64
m e a n 31,71 36,46 42,01 48,53 55,83 63,59 73,26
s 5,3825 5,7763 6,919* 7,7064 9,1176 10,9250 12,8208
A3 0,541 0,745 0,706 0,587 0,568 0,514 0,605
A 4 *0,544 -0,049 -0,184 -0,164 *0,189 "0 , 014 0,016
X2 0,11 0,26 0,19 4.17 1,94 1,56 1,55
MEAN 29,93 34,70 39,69 45,40 51,54 58,78 67.67
S 4,8139 5.6213 6,3629 7.6324 9.0596 10,5609 12,2752
A3 0,758 0,648 0,568 0,536 0,532 0,623 0,681
A4 *»Q, 034 -0,120 -0«189 -0,255 *0,065 0,131 0,309
X2 0,80 2*48 1,94 1,65 0,97 0,42 0,27
m ea n 28,40 32,45 36,89 41,94 47,55 54,77 62,25
s 4,5365 5,3548 6,1667 7,4817 8,8823 10,1520 11.4545
43 0,591 0,536 0,605 0,532 0,544 0,545 0,531
A 4 *0,283 -0,255 0,016 -0,063 0,079 0,235 0,452
X2 0,50 1,65 1,55 0.97 0,40 0,33 3,17
m e a n 26,65 30,04 34,01 38,72 43*96 49,92 56.76
s 4,4555 5,2750 6,2934 7,1550 8,1715 9,8304 11,5993
A3 0,536 0,532 0,501 0,628 0,507 0,559 0,482
A 4 *0,255 -0,065 -0,017 0,201 0,343 0,152 0.183
X2 1,65 0,97 0,45 1.16 3,71 1,89 1.32
MEAN 20,83 23,33 26,17 29.65 32,83 37,48 42,14
S 4,4980 5,2658 6.2386 7,5810 8,9392 10,8261 12,5736
A3 0,139 0.108 0,146 -0,092 0*031 -0,036 -0,036
A4 0,145 0,233 0,437 0,204 0,085 *0,200 *0•200
X2 1,84 2,57 3,22 3,25 0,87 0,17 0,17
T 1314 153
SE = 3  SAMPLE SIZE = 32
AMPLE a 3 NUMBER UF CLASSES = 10
□SS-PLQT * SDNJC-RESISTIVITY DEGREES OF FREEDOM = 7
MPLE » LOOP' X2 C 0,99-0,9$ ) * 19-14
'M M ( CEMENTATION EXPONENT )
s:::s8
1,70 1*80 i ,90 2,00 2,10 2,20
ME AM 3,1633 3,2941 3,4215 3,5560 3,6835 3.8109
S 0,149 2 0, 1455 0,1488 6.1393 0,1369 0 .133 0
0 A3 0 ,160 0 10 6 6 0,095 0,254 0*220 0, 199
A4 -1,135 -1,090 -1,053 - 0 , ft 4 5 -0,696 -0,6 50
X 2 0,20 0,15 0,14 1,30 1,50 1 9 64
M E A N 3,0450 3,1597 3,2315 3,4033 3,5312 3,6573
5 0,1389 0, 1353 0,1386 6,1436 0,1498 0,1382
0 A3 0,226 0,2 39 ...-Q ,234 0,224 0.279 0 ,246
A 4 -0,818 -0,630 -0,582 -0,635 -0.501 -0*107
X2 1*30 2*81 0 ,66 1.62 0 s 50 0,30
2,30
3*9382









M £ A N 2,990 7 3,1078 3.2 32 7 3,3539 3.4773 3,5966 3.7182
S 0,1357 Q* 1400 0, 1465 0,1439 0,1396 0,1436 0,1487
0 A3 0,239 0,265 0,289 0,434 0.246 0,246 0,207
A4 -0,630 -0,612 -0.511 70.2 84 -0.107 -0,107 -0 819 2
X2 2,81 1*28 1,55 0,25 0* 30 0,30 0,34
MEAN 2*9382 3*0601 3.1825 3,2989 3,4174 3.5 294 ■3,6458
S 0,1408 0* 1476 0,1472 0.1411 0,1505 , 0,1529 0,1573
0 A3 0,265 0,289 0,370 0*246 “0.115 0.187 0*187
A 4 <-*0,612 -0.511 -0,421 * 0 • 107 -0,314 -0.162 -0. 162
X2 1.28 1*55 0,59 0*. 30 0 ,80 0,36 0,36
MEAN 2.8 H3 6 3,0109 3,1242 3,2352 3,3462 3,4617 3.5725
s 0 , 1.4 8 9 0* 1422 0,1479 0 * 15 38 0.15 54 0,1645 0 .1649
,0 A3 0 ,3-85 0,334 0,115 0, 145 0,187 -0,009 0.053
A 4 -0,301 -0,051 -0*314 -0*371 -0,162 -0,108 0*154
X?. 0,73 0 »3 9 0,80 0.63 0,36 1,20 3,60
mea n 2,8390 2,9467 3,0542 3, 1593. 3.2784 3,3799 3 ,4890
s 0,1459 o. m i 0,1584 0,1625 0,1657 0,1742 0*1892
A3 0,248 0,145 .0,042 0,11*7 -0,015 -0,081 -0,204
A4 -0,0 5 3 -0,371 -0«173 -0,089 0,000 0 , 166 0,082
X2 1 ,22 0 * 63 0,50 r. 14 1,20 1,62 3,95
MEAN 2 t 6 1 3 1 2,7057 2,8077 2 » 8 ° 5 6 2.9929 3.0871 3, 1971
S 0,2053 0,2194 0,2266 0,2405 0.2539 0,2707 0,2947
A3 -0,734 -0,917 -0,99 5 -1,056 -1,217 -1,287 -i ,274
A 4 1.170 1 *44 7. 1.870 2,030 2.391 2,41? 2,355
X2 2,24 2,78 3,10 2-36 3,33 6, 32 3,71
T 1314 154
SE b 4 SAMPLE SIZE • 61
AMPLE B I NUMBER QF CLASSES = 10
0S5«PL0T s SQN!C»RESISTIVITY DEGREES OF FREEDOM n 7
MPLE s P X2 ( 0,99*0,95 ) = 19*14
issBaass3BseessB8B8!sr:(a3iss>ESf,8,ssasssB8iBitssassa8ss,aBasBB,a3i:,8
TM M ( CEMENTATION EXPONENT )
I * 70 1,80 1,90 2.00 2,10 2,20 2,30sssassss sssasss:: 11ntiititititH ESSCBSSSBS SBSSSSSSSB ssssesssa 5BS3SSS ssaasasss
MEAN 5999,0 8 7 8 A, 3 12430,0 17786,3 25717,4 37008,2 53154,1
s 13*3.1 2280,8 3249,9 5179,3 7838,2 11532,9 16948,20 A3 «Q,5AA *01A27 *■0,298 wO,239 *0,017 0,180 0,512A4 1.277 I • *53 1,663 1,427 1,332 1.833 2,567
X2 5,71 9,50 5,84 5.60 5,00 8,50 10,77
MEAN 5224,3 7391,2 10321,2 14988,8 21756,7 304X4,9 43157,9
S 1401,5 2073,7 3223,2 4768,7 v 6869,2 10670,4 16700,6
0 A3 •■0.373 «0,A63 "0,054 0,040 0.186 0,531 0,250A4 1,480 1*721 1.056 1.283 2,007 1,825 1.714
X2 6,53 8,87 4,31 3,91 10,24 5,39 3,22
MEAN 4972,4 7060,4 9771,2 14213,9 20523,3 28275,4 40323.2
S 1356,8 2017,3 3158.9 4554,0 6676,4 10760,4 16275,0
0 A3 m Q ,588 »0,439 0,030 0,110 0,324 0,128 0,325. A4 1.515 1,674 1,003 1,528 1,997 1,582 1.656
X2 8,17 0,12 3,56 5,76 9,90 5,77 4,46
MEAN 4667,4 6552,9 9339,0 13472,5 40492,2 26354,2 37797.5
S 1343,2 2027,6 3041,2 4333,1 6979,6 10468,7 15192.6
0 A3 «»Q, 545 »0,204 0,021 0,180 0,281 0,223 0.419A4 1.490 1,121 1,046 1.833 1.663 1,570 2,198
,X2 7,69 3,60 3,33 8,30 6,10 2,79 9 . U
m ea n 4427,2 6129,2 8094,3 12581,0 17401,1 24741,5 35096,3
s 1291,3 1998,1 2876,5 4314,7 6899,7 10072,0 14741,5
0 A3 wQ,440 •«o, 033 0,048 0,164 0,272 0.325 0,517
A4 1,574 0,949 1,413 1.888 1,603 1,656 2,192
X2 7,28 3,42 4,83 9,01 5,74 4,46 5,59
MEAN 4151,4 5824,7 0291.4 11424,1 16233,5 22916,6 32697.3
S 1275,6 1944,0 2815,3 4465,2 6505.0 9530,3 14133,2
0 A3 «Q,272 0,053 0,052 0,157 0,223 0,465 0,581
A4 1,198 0,936 1,715 1,521 1,570 1,956 2.388
X2 4,38 3,32 11,23 7,39 2,79 6,22 5.60
m ean 3901,0 5573,7 7720,3 10763,7 15387,3 21389,1 29866,8
s 1264,2 1905,0 2853,3 4356,9 6343,4 9321,5 13506.0
0 A3 ®0•154 *0,111 0,029 0,216 0,281 0,475 0,735
A4 0.991 1.173 1.421 1,470 1,413 it 097 2,759
X2 5,8? 3,92 8,16 5,81 4,10 3,90 10,03
T 1311* 155d (, SAMPLE SIZE ■ 61
LE a 1 NUMBER OF CLASSES m 10
-plo t » s o n i c -r e s i s t i v i t y d e g r e e s of f r e e d o m * ?
E a Pl/2 X2 ( 0.99-0.95 ) s 19-14
: : 8 9 s : s s a i 3 s : i s s : 3 s s s s s : : : : : : s s : : : s s s : = 8 : : : : : : 3 E s r : : : s : s : s : s : : s s : : : $ : s
M ( CEMENTATION EXPONENT )
1,70 1,80 1.90 2.00 2,10 2,20 2,30
b :s ;:::s b s s s 3::83 3s::3 33:::s :::3s s :::::::::;::s::::::s ::3:s :::s:s s s :s
m e a n 77,00 91,73 110,13 132,43 157.35 189.05 224,67
s 10,7013 14,1792 17,5582 21,9443 27,3297 34,2120 42.7404A3 w1 § 676 •* 1,503 *1,495 * 1,346 *1,025 *1,333 *1,035
A A 6,644 4,274 4,371 3,996 3.460 3,561 2,898
X2 9,56 10,99 15,86 14,23 10.78 10,81 7,85
m e a n 71,06 84,77 101,24 120,34 143,26 169,65 203.58
$ 11.3175 14,4364 17,8622 23,2820 27,4754 34,7049 42,7895
A3 *1.479 "1,539 *1,356 *1,236 *1,333 *1,013 ~0,902
A4 4,175 4,295 3,941 3,206 3.561 2,571 2,427
X2 10,31 17,01 14,7? 12,65 10.81 5,78 5,60
m ea n 69,13 82,04 98,45 117.40 136,38 164,42 195,23
s 11,3432 14,6991 18,1689 23,3171 27,3421 34,9039 42,2678
A3 *1,543 *1,387 *1,312 *1.273 *1.272 *0,973 *0,897
A A 4,692 3,778 3,629 3,309 3,525 2,390 2.420
X2 12.96 . 14,45 13,76 13.41 11,37 5,28 12,41
MEAN 67,31 80,26 95.03 113,19 132,57 159,22 188,88
S 11,3643 14.3690 19,1750 22,7238 28,2409 35.0861 42,0186
A3 *1,550 *1 * 378 *1,337 * 1,423 *1,064 *0,934 *0,872
A A 4,922 4,115 3,196 3,465 2,330 2,220 2.426
X2 13,33 14,41 14,28 12,25 6,08 3,08 11,44
m ea n 63,45 77,31 92,42 109,73 128,65 153,29 181.66
s 11,4828 14.5749 19.2962 22.8394 28,2627 35,1688 42,5216
A3 *1,329 ■"1,281 *1,33? *1,385 *1,064 *0*899 *0.978A4 4,921 3,686 3,196 3,362 2,530 2fOBO 2,661
X2 14,05 14,57 14,28 12,13 6,08 5,43 13.80
mea n 63,30 74,98 88,96 105,76 123,82 147,04 173,59
s 11,4565 15,1168 19,0640 23,|830 28,6581 35,3951 43.3166
AB **1,570 *1,334 *1.312 *1,295 *0,954 *1,002 *0,786
A4 5,138 3,537 3.418 2,945 2,139 2,405 1,996
X2 15,75 15,09 13.83 8,53 5.31 9,89 14,23
m e a n 61,08 72,61 85.89 101,53 119,02 141,24 165,19
s 11,9068 15.6688 19,4117 23.3470 29,6235 34,8349 43.4493
A3 *1,623 *1,375 * 1,204 *1,214 *1,039 *1,001 -0,859
A4 4,907 3.374 3.042 2,662 2.129 2,506 2,138












n u m b e r of c l a s s e s
DEGREES OF FREEDOM 
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E * 4  SAMPLE SIZE » 63
M P U  » 2 NUMBER OF CLASSES 9 10
SSsPLQT 9 SONIC-RESISTIVITY DEGREES OF FREEDOM ■ 7
PLE 9 P X2 ( 0,99-0,95 ) 9 19-14
: E S 8 S S 8 3 : 3 8 B E S S S : B S a s 3 « : : S 8 3 « B 8 B S : 8 8 S 3 S S : B S 8 S B 3 g S B 8 S S a : s : 8 S 8 8 8 8 8 S l 3 S B a
m ' M ( CEMENTATION EXPONENT )
lt?0 1,80 1,90 2,00 2.10 2,20 2,30
S sssassss sssassss SSSSSSSSSSSSBBSSSSSSSSSSaSS eS3BSSC3:6SSS386SBBS$SESC9
' MEAN 7302,6 10330,6 14839,7 20973,1 29905,8 42146,5 60353,9
S 1994,1 2844,Z 4081,0 5995,2 8671,7 13020,7 18508.1
0 A3 0,623 0,768 0,724 0,672 0,559 0,614 0,595
A4 »Q,085 0,154 0,253 0,274 0,343 0,413 0,542
n 5,35 6,98 17,64 15,83 12,89 13,97 9,97
m ean 6158,6 8626,2 12297,7 17336,3 24390,7 34596,8 48643,0
s 1753,4 2582,2 3668,1 5263,9 7876,0 10962,7 16242,00 A3 0,645 0,661 0,585 0.515 0,507 0,460 0,437
A4 0,240 0,434 0,428 0,543 0,676 0,679 0,485
X2 14 j 65 14,23 9,37 4,89 14,03 10,20 3.40
'MEAN 5818,1 8241,5 11608,7
S 1722,8 2480,7 3629,7
0 A3 0,621 0,498 0,502
A 4 0,372 0,237 0,287
X2 17183 8,45 6,74
■* m ea n 5513,3 7736,7 10811.3
s 1702,5 2438,6 3467,6
0 'A3 0,500 0,483 0,471
-A4 0,092 0,242 0,392
X2 9,56 9,07 14,33
MEAN 5186,6 7202,9 10006,4s 1614,5 2346,3 3401,6
0 A3 0,471 0,480 0.435
A 4 0,392 0,369 0,268
X2 14,33 17,61 12,96
MEAN 4840,6 6763,4 9425,1
S 1568,4 2240,8 3203,3
0 A3 0,492 0,402 0,38?
A4 0,238 0,220 0,192
X2 15,50 9,16 12,41
mean 3962,2 5476,6 7484,1
s 1391,9 1953,0 2826,9
0 A3 0,249 0,249 0.237
A4 0,219 0,219 «Q,028
X2 8,62 8,62 2,39
16233,5 22763,4 32092,9 44536,5
5108,4 7371,9 10642.2 15622,0
0,523 0,477 0,404 0,416
0.592 0,595 0.547 0,37115,25 11,38 8,59 4,26
15068,6 21117,1 29572,8 41365,7
5020,1 7166,0 10466,0 14925,40,476 0,419 0,383 0,3560*4|4 0,466 0,267 0.317
12,71 9,59 7,36 4,54
14022,2 19521,5 27229,2 37921,54830,5 7041,0 10099,1 14026,1
0,388 0.373 0,355 0,368
0,340 0,206 0,164 0,327
12,12 7,35 5,43 3,86
13007,9 17982,4 24895,2 34738,0
4718,5 6617,2 9433,7 13251.8
0,338 0.383 0,381 0,342
0,162 0,270 0,255 0,27911.42 6,42 5,34 3,68
10167,7 14009,6 19384,1 26651,1
4039,8 5648,5 7800,2 11010,5
0,192 0,209 0.195 0.214
0,032 0,064 0,127 0,093
3,33 5,19 4,00 2,92
T 1314 ^
9 ’ 4 SAMPLE SIZE » 63
LE 5 2 NUMBER OF CLASSES a 10
i-PLOT f> SONIC- RESISTIVITY d e g r e e s of FREEDOM a 7
E • Pl/2 X2 ( 0,99- 0,95 ) » 19*14«it»t1111ti S S B S S B S S E itit11itiiii1111it u11it11iiti11ii 11 11 II II II II tl II It 11tittui»111111 itti»1111n11n11u
M ( CEMENTATION EXPONENT )
I * 70 1,80 1.90 2.00 2.10 2.20 2.30
11itit1111 sscssssss :;s;ss::s IIlltt11«!II11It ItllIIIIIIIIItll S - 3 S 3 S S X S itii111111111111titt II It II II II II tt
MEAN 85,45 101,53 120.41 144, n 171,22 206.07 242.99
S 11,4895 13.7754 16.8075 20,5172 24,8243 31,2033 38,1240
A3 0,257 0.350 0,320 0,240 0,201 0,126 "0,005
A4 *0*376 -0,252 "0.228 0,117 0,182 0.233 0,427xa 6,10 4,56 3.83 11,89 8,61 8,78 8,93
m e a n 76,18 92.36 110.09 130.31 154,30 182,17 215,31
s 11,0974 13,8283 16.8865 20,3267 24,2485 29,9694 36.6992
A3 0,201 0,232 O .Ul 0,027 -0,000 "0,075 "0,136
A4 0,170 0,132 " 0 ,003 0,286 0,519 0,509 0,575xa 9,72 9,30 7,14 6,04 7.59 5,24 5.43
MEAN 75,53 89,82 106.24 124,99 148,39 175.66 207,88
s 11,0804 13,8257 16.2551 19,9477 24.4237 30,2012 37.6635
43 0,340 0,102 O.O65 -0,000 -0,171 "0.270 "0,296
;A4 0,093 0,006 0,417 0.519 0,623 0,617 0,544
xa 11,97 9,53 9,05 7,59 7,54 4.31 3.86
m e a n 73.19 86,60 102,59 121,03 143,03 169.56 201,32
s 11,4296 13,4804 16,8084 20.3902 25,1324 30.8839 37.3316
43 0,102 0,055 "0,126 -0,245 «0,327 «0•341 "0,418
A 4 0,006 0,400 0,340 0,568 0,578 0.607 0.821
X2 9,53 12,12 7,69 5,29 6,26 3.82 3.87
m e a n 71,09 84,06 98.52 116.78 138,00 164.17 193,88s 11,2272 13.5537 16,7910 2 1 , 0 1 1 2 25,3897 30.9620 37.7676
A3 «0,038 -0,244 "0.269 -0,374 —0,393 "0,539 "0.596
A4 0,382 0,723 0,684 0,630 0,830 1,044 1.073
X2 16, IQ 10,44 10.77 6,78 4,82 4.83 4.74
MEAN 68,47 80,65 95.45 112,80 133,31 157,48 184,87
S 11.0517 13.9218 16,8530 20.7539 25,9428 31,7303 38,4429
A3 0,2 8 3 -0«404 "0,474 -0•582 -0,531 "0,664 "0,664
A4 0,879 0,829 1,117 1,223 1,058 1,045 1.045
X2 12,45 9,85 6,49 6,60 5,25 4.21 4,21
m e a n 61,40 71,71 83,72 98,47 115.23 135,25 158,55s 11,7894 14.4952 17,5549 21.6605 26,1016 31.1884 37,6612
A3 *0,782 -0,758 "0,758 -0,740 -0,741 "0,771 "0.791A4 2.035 1,865 1.762 1,440 1.354 1.399 1.288
X2 11,95 5,21 4.57 4,07 4,89 5,73 3,71
T 1314 159
SB * 4  SAMPLE SIZE * 63
m PLE = 2 NUMBER’OF CLASSES * 10
7SS-PLQT = s o n k -r f s i s t i v i t y d e g r e e s OF FREEDOM = 7





S s 3 B S ' : g e 5 S 5 S S 5 ; S S 5  S 5 S b S K K s S S
CEMENTATION exPUUBHT )
1,90 2*. 00 2, 10
s s a B a s s r s s  
2, 20





















































































































































































































































e s 5 SAMPLE SIZE ■« 36
MPLE s 1 NUMBER PF CLASSES = 10
SS-PlOT = S0NIC«RESIST|VITY DEGREES OP FREEDOM » 7
PLE s P X2 ( 0.99-.0.95 ) « 19*14
S8S8SS8:s8eSS3SSSSSSSSasSSS8EeS|SS3SS3S3:SSSS8SSS88S3SSSSCSS:CB3S3e33I
M M ( CEMENTATION EXPONENT )
i § 70 1,80 1.90 2,00 2,10 2,20 2,30
ssaesss 33e33333333 SSSISSSSSS ssass.BsxssEassssasssBEBSss itnu111111n11n s s b s s s i b
MEAN 844913 11227,1 14909,2 19674,3 25081,3 34233,7 45141,8
S 2303,2 3102,3 4115.1 5402,3 7074,1 9405,0 12327,7.0 A3 0,199 0,106 0.149 0,139 0.119 0,104 0.147
A* *1,018 *1,251 m1|324 ,340 *1.362 *1,374 41,350
n 3,39 10,79 9,68 9,32 9,46 M 3 6,95
mean 4510,0 5758,5 7350,4 9323,7 11894,3 15256,3 19387,7
s 1250,1 1641,3 2034,8 2378,0 3286,9 4365,4 5473,2.0 A3 0.036 0,140 0,082 0,132 0,148 0,164 0,196A4 *■1,336 *1,350 *1,361 «1,2 4 6 *1,240 *1,292 *1.201
X2 0,26 0,28 1 • 63 4,06 6,74 §•17 8.41
MEAN 3053,5 4850,1 6118,4 7784,1 9811,8 12400,0 15765,4
s 1003,7 1332,8 1684,9 2216,6 2765,4 3565,4 4660,8
fO A3 0,120 0,101 0,140 0,164 0,196 0,282 0,273
A4 •1,400 *1,260 ■*1 • 240 *1,292 *1.201 * 1918 0 *1,158
X2 1,62 3,51 6,74 8.17 8,41 4,38 6,78
m e a n 3221,0 4049,8 5075,2 6298,0 7968,0 10031,3 12590.1
s 893,1 1149,8 1433,3 1847,1 2369,7 3022,1 3867.9
*0 A3 .0,165 0,164 0,174 0,283 0.273 0,253 0.253A4 *1 $ 246 *1,292 «i,246 «l,174 *1,158 *1,097 *1,056
X2 5,20 8,17
)-
10.48 4,71 6,78 5,81 5,99
m ea n 2671,9 3273,1 4097,0 5086,3 6315,8 7759,3 9526,4
s 782,9 954,7 1231,2 1552,6 1962,4 2602,0 3307.2
,0 A3 0,174 0,305 0,273 0,285 0,274 0,355 0,403A4 m\ ,246 *1.121 *1, 158 *1,059 *0,998 *0,941 *0.971
X2 10,48 4,69 6,78 3,99 6,59 5,01 8,72
mea n 2148,4 2635,5 3188,0 3896,4 4799,6 5915,3 7204,1
s 654,5 818.6 1027,0 1364,0 1685,2 2131,2 2652.3
,0 A3 0,273 0,285 0,351 0,410 0.355 0,375 0,41?
A4 *1,158 *1,059 *0.945 *0,937 *0,944 *0,927 *0,824
X2 6,78 3,99 5,19 7,07 6,25 7,30 9,21
MEAN 1265,5 1477,5 1772,8 2080,1 2502,7 2904,9 3543,9
S 482,1 582,3 712,3 802,4 Uli.5 1368,7 1672,0
• 0 A3 0,385 0,486 0,495 0,541 0,543 0,578 ,0.649A4 •*0,892 *0,751 «0,755 «0,637 *0,712 *0,639 *0,480
X2 6,06 7,56 7,65 5,56 5,26 4,13 2.91
T 1311*» 5
L E 1
-p lo t b s o n i Co r e s i s t i v i t y
E « Pl/2
5 s s s e 8 s S 8  8 5 s s s s : ; : : s : s 5 S 5 ; s s : ! S s 5 5 : s = ! 5 ; s s ; 5 s s !
M ( CEMENTATION e x p o n e n t )
161
SAMPLE SIZE 
NUMBER OF CLASSES 
DEGREES OF FREEDOM 
X2 < 0,99-0,95 )
s 36 
» 10 s ?
■ i9*usssssssas ::sss
1*70 1*80 1,90 2,00 2.10 2,20 2.30
II II II H II SSESSSSSS b s s x - a s s a s ifiiiintiitniiit ss = B* = = = =:aasasssssB s a s s s s s s
MEAN 91.08 104,75 119,90 137.65 158,74 182,48 209,42
S 12.9691 15.1567 17,0740 19*3963 22,5304 25.914? 29,3440
A3 *0*049 *0,021 -0*021 -0,004 -0,045 —0 * 031 -0.053
A4 *1,079 -1.155 -1,155 -1 * 243 -1,271 -1,246 -1,243xa 3,69 3,60 3,60 4,54 5,29 4,77 4,97
MEAN 66,34 74*90 84,95 95,88 108.37 122i28 137,96s 9,3508 10.6436 11,8332 14,0905 15,5508 18,1170 20,9824A3 *0 * 030 *0,020 -0.027 -0,078 -0,090 -0,044 -0,035
A4 *1*295 -1 * 334 -1,359 -1,270 -1,194 -1,252 -1,285
X2 0,23 4.92 2.57 1,31 2,73 4.11 3,76
m e a n 61.25 68,85 77,73 87,22 98,30 110,08 123.84s 8,8543 10.1628 11*4709 12,9801 14,6367 16,9058 19,1609
.t A 3 — 0 ,0 63 -0,092 -0*086 -0,013 0.006 0 * 036 0,049
;A4 *1,330 -1,311 -1,282 -1,252 -1,232 -11287 -1,242
4,92 0,69 2,39 3,72 4,19 5,50 5.41
MEAN 56,24 62.73 70.39 78,82 88,43 98,22 109,42
S B,3443 9,3748 10*5620 12,0197 13,6124 14,7378 17,4432* A 3 *0,072 -0*024 -0.005 0,040 0,048 0,075 0,085'A4 -1,318 - 1 ,300 -1,282 -1,262 -1.224 *0,967 -1,014
tX2 2,45 3*49 4.12 5,43 5.66 3,13 4,33
mea n 51.08 56,84 63,39 70,26 77,94 86,82 96,35s 7,6517 8,7995 9,9388 11.1614 12.5661 14,5702 16,5162
A3 *0,005 0.047 0,007 0,057 0.035 0,043 0,078A4 ■•1.282 -1*322 -1,244 -1*115 -1,004 -1,064 -1,001
X2 4,12 1*62 5,31 5,91 4,22 7,66 8,06
m ea n 45,79 50,51 55,91 61*56 67,88 75,10 82,63s 7,1526 8,1868 9*3806 10,4948 11,8838 13,4607 15,4739
A3 0,021 0,057 0.079 0,105 0.109 0,154 0,248
A4 *1,138 -1,115 -1,118 -1,007 -1.015 -0,977 -0«962
X2 3,73 5.91 5,49 7.97 10,02 10,22 8,38
m e a n 34,35 37,69 40,79 44,47 48,39 52.69 57,71
s 6,7027 7,4428 8,5902 9,7280 11.0671 12,3302 14,2942
A3 0,158 0,117 0,121 0,103 0,103 0,134 0,138
A4 »1,007 -0,826 "0.953 -0,912 -0.912 -0,817 -0,884
X2 9,56 5,27 4,20 4,47 4,47 3 * 46 4,56
T 1314 162
SE 3 5 SAMPLE SIZE = 36
r'Plfc a 1 NUMBER OF CLASSES = 10
-iSS-Pl'OT = SONIC - RES ! ST IVI T Y DEGREES DF FREEDOM = 7
MPLE a LOOP X2 ( 0'.99-0.95 ) = 19-lA
tm m < c e m e n t a t i o n e x p o n e n t >
sssa:::::





1.70 1.80 1,90 2.00 2,10 2.20 2 ,30J5£5**5*3w3S555
3,9135 4,0343 4,1536 4,2742 4,3934 4,5139 4,6383
0,1267 0,12 5 5 0,1227 0,1242 0, 1.273 0,1231 0,1232
-0,252 -0,268 -0,294 -0,244 -0,234 -0,260 -0,268
-1,211 -1.182 -1. 128 -1,140 ■41, 1 5? -1,061 -1,053
8,37 6*79 5,75 5.30 4,92 4,70 3,68
MEAN 3,6420 3,742-8 3,8460 3,9504 4 ,0574 4,1630 4,2670
s 0,1252 0, 1239 0, 1227 0,1718 0,1260 0.1304 0 #1290
0 A3 -0,280 -0,204 -0,146 -0, j 80 -0,209 -0,206 -0,221
A 4 -1,143 -1,134 -1,128 -1,177 1,10 2 —1,0/n îl ,034
X2 5,74 2.0 3 3,48 3'.4S 3,98 0,90 4,71
MEAN 3,5675 3,6670 3,7704 3,8710 3,9714 4,0759 4,1762
s’ 0,1212 0,12 30 0,1252 0,1300 0.1287 0,1305 0,1316
A3 -0,209 -0 ,144 -0,241 r Q ,?06 -0,221 -0,248 -0,189
A 4 -1.070 -1,166 -1,077 ^1,070 "1,034 -0,930 -1,041
X2 1,00 3,26 3,13 0'.90 4.71 0,74 3,49
mea n 3,4909 3,5847 3,6840 3,7846 3,8792 3,9759 4,0680
s 0,1246 0,12 84 0. 1234 0§1304 0,1324 0,1370 0,1399
A3 -0,241 -0,2 00 -0-221 -0,2 48 -0,189 -0,189 -0,140
A 4 -1,077 -1.035 -1,034 -0,980 -1.041 -1,041 -1,040
X2 3,13 5.15 4,71 O'. 74 3,49 3.49 7.31
3,4042 3,5004 3,590? 3,6808 3,7677 3,8657 3,9574
s 1299 0,1310 0,1333 0,1385 0.1438 0,1459 0,1509
.0 A3 -0,233 -0,220 -0,217 -0.185 -0.178 -0,253 -0,253
A 4 -1,060 -1.027 -0,997 1,012 -1,030 -0,374 -0,874
X2 4,49 0,97 3,39 4,93 7,67 3,69 3,69
MEAN 3 , 3 0 8 9 3,3932 3,4758 3.5665- 3.6542 3.7365 3,8186
$ 0,1353 0 ,141? 0,1459 0,1500 0,1542 0,1593 0,1644
0 A3 -0.217 -0,185 -0,256 -0.253 -0,267 -0,229 -0,168
A4 -Co 997 -1.012 -0,816 -0,874 -0,810 -0,821 -0,812
X2 .3,39 4,93 6,17 3*. 69 5,74 4,06 3,65
MEAN 3,0557 3,13 42 3,2060 3,2759 3,3485 3.4214 3,4897
s 0 9 1708 0 , 17 15 0,1866 0,1952 0,2070 0,2159 0,2258
0 A3 -0,238 -0,227 -0, 156 -0,182 -0,205 -0,227 -0.227
A 4 -0,863 -0,822 -0,838 >-0,783 -0,800 -0,778 -0.778
X2 3,19 4,16 3,92 4,24 2.98 4,61 4,61
T 1314 163
E « 5 SAMPLE SIZE * 57
MPLE p 2 NUMBER Qp CLASSES « 10
SS-PlOT 9 SDNIC-RESISTIVITY DEGREES OF FREEDOM 9 7
iPLE 9 P X2 < 0,99-0,93 ) 9 19-14
S8S&::S8SSB:SS8SSS33:SSS3S8BSB«8S;8BSE8a88f8tBB588SBBE:883BBB&8Ss8S38>‘
M M ( CEMENTATjON EXPONENT )
1,70 1.80 1,90 2,00 2,10 2,20 2,30IIIIIIIIII sss:::::s: sssssssss S3,SSZ58B8fi>B3SS8CX8B$S8S8B8ISBBSBSS.SasBSSSB
MEAN 15921,4 21074,3 28233,5 37526,4 50118,7 66738.4 89079,0
S 5466,9 7186,2 9619,0 12609,7 17055,5 22561,8 30059.8
A3 0,278 0,306 0,310 0,317 0,393 0,466 0,477
A4 -0,997 *0,922 *0,960 *0,957 aO,909 *0,733 *0,671
X2 12,54 9,96 12.98 11.51 12,96 15.47 9,70
MEAN 8936,9 11594,2 14949,9 19322,0 25112.0 32628,4 41851,7
s 3069,8 4105,4 5212,7 6802,2 8951,9 12150,5 16194,3
A3 0,498 0,526 0,590 0,630 0.679 0,767 0,837A4 -0,651 *0,606 *0,488 s*0«359 *0.251 *0,058 0,080
X2 7,41 9,43 8,00 8,82 10,66 9,07 9,29
m e a n 7779,6 9931,9 12784,7 16450,3 21158,9 26853,5 34614,6
s 2775,2 3503,3 4595,2 6016,5 8052,9 10310.1 13668,8
A3 0,502 0,618 0,685 0,719 0.839 1,010 1,027
A4 * 0 ,665 *0,429 *0,329 «0,150 0,101 0,528 0,582
xa 7,54 9,38 11,94 8,73 7,24 9,36 8.92
MEAN 6710,3 8549,3 10852,6 13810,3 17332,0 22020,3 28451,2
s 2357,1 3064,8 4031,2 5318,2 6938,8 9127,0 12245.3
A3 0,630 0,724 0,743 0.895 1.019 1,102 1,162
A4 *0,359 *0,212 *0,051 0,107 0.554 0,658 0,782
xa 8,82 10,77 6,36 9,62 8,59 13,31 15,79
MEAN 5674,2
)
7166,0 8866,6 11254,1 14329,2 18240,6 22523,7
S - 2113,8 2790,8 3567,5 4617,9 6016,8 8418,7 11025,9
A3 0,732 0,885 1,021 1,098 1,105 1,172 1,302
A4 eO,132 0,109 0,529 0,679 0,729 0,874 1,179
X2 7,10 10,85 9,31 12.89 13,70 17,25 15,74
m e a n 3064,5 3732,4 4589,9 5482,7 6780,3 8371,1 10297,9s 1488,3 1942,6 2480,2 3180,9 4201,4 5377,2 6887,2
A3v 1 • 203 1,282 1.282 1.372 1,367 1.424 1.536
A4 0,881 1,205 1,205 1,415 1,368 1,609 2,094
xa 16,78 14,91 14,91 14,43 16,45 14,22 15,09
MEAN 1695,7 2034,5 2437,5 2933,6 3574,0 4382,5 5243,3
S 1217,1 1537,0 1955,2 2377,3 2921,1 3781,5 4759,6
A3 1.177 1,313 1.381 1.454 1.380 1.618 1,669
















a a s = = s a Pl/2S8SSS8SSS =sas=ess
X2 ( 0, 99«0,95 )saasssssa
a 19?*14




CEMENTATION EXPONENT ) 
1,90 2,00 2,10 2.20 2,30uuuII21II SSS5SSS5S ItIIIIIIIIIIItIIII asssseas nitnuitiiiiiiiiii ll ll (1 ll ll ll ll II II II It II II II II II II It II C c s a S S 5
MEAN 133,88 143,48 166.39 191,13 219,51 253.09 293,01
S 21.8333 25,1694 28,6750 32,4449 37.2843 44,1373 50,7159A3 0,045 0*049 0,077 0,112 0,075 0,124 0.155
A4 »1»063 -1,042 -0,939 -0,861 -0,984 -1,030 -0,949
X2 6,30 6,85 7.00 14,94 11.31 12,60 5.81
MEAN 93,06 105,91 120,69 137,32 156,46 176,89 200.24
S 16,1*80 18,6431 21.1343 24.2675 28,3219 32,8661 38,4857
A3 0,182 0,251 0,333 0,341 0,364 0,294 0,419
A4 wO,900 -0,906 -0,750 -0,680 -0,685 -0,603 -0,605
xa 4,68 6,76 5.61 3,82 3,76 1,35 2,89
MEAN 86,98 98,78 111,84 126,41 142,40 160,86 181.37
s 15,1434 17,2320 19,9095 22,6151 27,1117 30,9467 36,6809
A3 0,243 0,361 0,401 0,378 0,385 0,509 0,625
A4 **0,874 -0,677 -0,638 -0,563 -0,587 - 0 # 4 4 8 -0,360
xa 6,18 4,55 5,00 1,91 2,54 3,68 7.21
m e a n 80,69 91,29 102,32 114,81 128,99 145,34 164,27
s 14,2993 16,6353 19,2495 22,1175 25,8539 30,6407 35,2759
A3 0,380 0,410 0.351 0,484 0.634 0,731 0,769
A4 »0,633 -0,657 -0,597 -0,496 -0,328 -0,110 -0,076
X2 4,10 4,17 1.81 4.14 5.77 9,78 7,67
MEAN 73,89 83,10 91,97 103,56 116,97 131,00 147.33
S 13.8973 16,0532 18,4500 21,4925 25,1155 29,0950 33,3344
A3 0,351 0.419 0,58? 0,669 0,736 0,811 0,798
A4 rsO , 597 «0,605 -0,350 -0,264 -0•094 - 0 10 41 -0,007
X2 1,81 2,89 4,93 9,86 14,96 6*64 5,50
MEAN 53,69 58,62 64.40 71,53 79,57 87,86 97,83
s 13,1758 15,1142 17,4697 19,8929 22,8681 26,9250 31,3592
A3 0.700 0.739 0,764 0,727 0,764 0,821 0,826
A 4 *» 0,214 -0,125 -0,031 -0,066 0,030 0,084 0,117
X2 4,67 5,60 4,23 6,65 5,06 6,56 5,49
MEAN 38,70 41,85 45.39 49,52 54,14 58,56 64,58
S 14,0127 15.8533 18,3203 21,1384 24.2234 27,3422 31,3653
A3 0,420 0,440 0,461 0,538 0.621 0,661 0.658
A4 »Q,303 -0•165 "0,188 -0,079 0,001 -0,080 "0,192
X2 1,48 3.39 5.48 5,73 9,24 10.17 13,95
SE = 5  SAMPLE SIZE = 57
MPLE = 2 NUMBER QF CLASSES = 10
DSS-P|.QT = SHNK-RESISTIVITY DEGREES OF FREEDOM = 7





CEMENTATION EXPONENT ) 
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0,1504















































































































































































e = 5  s a m p l e  s i z e  -■» *9
MPLE » 3 NUMBER OP CLASSES * 10
SSbPLOT * SONIC-RESISTIVITY DEGREES OP FREEDOM > 7
PLE i> P X2 ( 0,99-0,95 ) = 19-14
S B S S B S S S S 3 S S 8 B B B S S E 8 S S 8 3 S : S S E 8 S 3 S 3 S 3 S S 8 6 C 3 S S S S B 3 I S B B S S S S S S 8 S S S S 8 B 8 S B 3 S . S
M M l  CEMENTATION EXPONENT )
1,70 1,80 1,90 2,00 2,10 2,20 '2,30
3B 3  3 B 8 B S 8 3  3 S S S 3 S 3  8 S 3 : S C S 3 3 B a 3 a 3 S C 3 8  888 83 5 S 3 3 3 a 3 8 3 S 8  8 8 8 8 3 3 B 3 3 8 B X 3 8 X S 8 8 8
MEAN 1034,4 1352,3 1789,4 2359,0 3147,9 4119,0 5456,2
S 475,6 621,6 833,7 1128,4 1483,7 1977,7 2575,7
0 A3 0,422 0,404 0,406 0,462 0,413 0,456 0,447
A4 -0,881 «0,865 **0,816 -0.T64 **0,681 -0,644 -0,539
X2 7,76 7,07 7.92 7,19 10,32 9,06 4,78





■mea n 54 3,, 4
s 261,4































m ea n 456,7 563,1 711,0
s 236,9 298,5 382,1
A3 0,697 0,827 0,827
A4 s»0,173 0,125 0,125
X2 9,47 6,50 6,50
m ea n 371,9 469,8 376,4
s 201,7 256,1 331,9
A3 0,827 0.749 0,930
A4 0,125 0,096 0,501
X2 6,50 3i75 5,23
896,8 1130.2 1445,5 1819,5
493,4 646,7 850,5 1082,00,681 0.980 1,022 1.072
0,281 0,562 0,665 0,825
6,13 5,72 7,10 8,69
727,9 914,2 1134,5 1414,0
432,8 550,7 701,8 916,2
1,022 1,039 1,167 1.274
0,663 0,700 1,2U 1.432
7,10 7,60 6,62 8,34
MEAN 312.6 380,4 461,4
S 172,9 224,8 286,4
0 A3 0,801 0,971 1,009
A4 0,252 0,545 0 g 641
X2 2,08 3,57 5,93
MEAN 248,7 293,7 360,3
S 153,8 187,3 242,8
0 A3 i.on 1,154 1.214
A4 0,642 1,176 1,252
X2 4,96 5,72 10,97
567,7 706,2 89417 1119,5
362,2 465,1 592,9 754,41,159 1,274 1 f 239 1,385
1.111 1.432 1,374 1,872
8,64 8,34 10,04 8,76
450,2 562,7 684,4 848,9
305,8 391,2 491,7 651,8
1,228 1.311 1 f 466 1.402
1.302 1,524 2,175 1,870
10,99 11,99 11,18 11.54
T 1314 l67
s 5 SAMPLE SIZE e 49
LE » 3 NUMBER OF CLASSES - 10
-PLOT a SONIC-RESISTIVITY DEGREES OF FREEDOM 8 7
E a Pl/2 X2 ( 0.99-0.95 ) = 19-14
: : s a = : i ! a t : : 3 > B : s : : E : : : : s 3 : : s s B 3 : s : : : : B 5 : s s : : s s a s E : : : : : s s s : : : s s E B = : B ;
M ( c e m e n t a t i o n e x p o n e n t )
1,70 1,80 1,90 2.00 2,10 2.20 2,30
MEAN 31,33 35.76 41,12 47,19 54,17 62,32 71,54
S 7,6847 8.7715 10,0446 11,6345 13.2859 15,4402 17.9447
A3 0,004 -0,009 -0,002 -0,023 0,014 0,010 0,131
A4 »1,2 J.9 -1,168 -1,121 -1,080 -1,022 -0,920 -0,779
xa 3,11 6,59 5,30 7,18 8,84 5.67 3,55
m e a n 24,26 27,37 31,03 35.35 40,01 45,33 50,89
s 6,0959 7,0967 8,1215 9,1570 10,5338 11,8569 13,1685
A3 .0,054 0*124 0,127 0,167 0.141 0,142 0,296
A4 ksO «916 -0,825 -0,818 —0,893 -0,900 -0,780 -0,448
X2 4,60 4,86 8,60 4,70 5,47 3.09 2,81
(
MEAN 22,38 25,31 28,64 32,35 36,17 40,73 45 • 96
3 5,8739 6,5547 7,5810 8,3950 9,5559 10,8908 12.8265
hr A 3 0,152 0,212 0,141 0,167 0,255 0*324 0,374
<v A 4 »0,808 «0,818 -0,900 -0,764 -0,626 -0,428 -Q.467
i X 2 ' 8,13 7,60 5,47 3,25 2,46 1,84 2.56
MEAN 20,75 23,32 25,9? 29,13 32,57 36,81 41,15
S 5,4570 6.1408 6,9364 7,6709 9,1313 10,6503 12,2408
• A3 .0,163 0,158 0,212 0,280 0.3O2 0,323 0.437
•A A s»Q ,886 -0,814 -0,743 -0«366 -0,417 -0,437 -0.300
■£X2 5,62 4,72 4,15 1,55 0,23 0,70 2.48
m e a n 18,74 20,94 23,19 26,15 29,10 32,76 36,55
$ 5,0164 5.8668 6,5396 7,6182 8,7412 9,9684 11.5548
A3 .0,236 0,189 0,300 0,293 0,407 0,384 0,310
A4 m0 ,661 -0 * 694 -0,370 -0,412 -0,287 —0,254 -0,465
xa 5,35 3,29 0,47 1,84 2.55 2,54 2,94
m ea n 16,75 18,70 20,76 22,99 25,60 28,32 31.44
$ 4,7778 5,4982 6,3873 7,5161 8,4387 9,7909 11.1553
A3 ,0,219 0,271 0,369 0,328 0.237 0.253 0,304
A4 »0,410 —0,340 -0,343 -0,271 -0,389 -0,264 -0.182
X2 2,13 1,61 3,60 6,32 4,48 1,54 1.28
m e a n 14,74 16,33 17,97 19,91 22,14 24,11 26,82
s 4,8556 5,6351 6,2917 7,2691 8,2221 9,3412 10,6149
A3 0,223 0,278 0,154 0,215 0,253 0,298 0.342
A 4 -Q,347 -0,394 -0,350 -0,391 -0,264 -0*084 —0.007
xa 3,09 2,44 2,99 3,15 1,54 2,44 3,32
T 1314 168
SE ■ 5 SAMPLE SIZE
AMPLE e 3 NUMBER OF CLASSES
OSS-PLPT * SONIC-RESISTIVITY DECREES OF FREEDOM
MPLE « LOOP X2 ( Q".99-0,95 )





































































































































































































































































































-  1 
= 1
= SONIC-a P
sample s u e
NUMBER QF CLASSES 
RESISTIVITY DEGREES. OF FREEDOM




« 1 9 - 1 4
UC
1 . 7 0
M ( 
1 . 8 0
CEMENT AT IH N EXPONENT )
1,9(3 2 , 0 0  2 ,  10 2 , 2 0 2 , 3 0
mean
s
' , 0  A3 
A 4 
X2
1 6 A T •1 
1 1 0 4 , 2  
1 , 6 5 3  
3 , 0 2 0  
2 5 , 7 6
2 3 3 6 , 6  
1 5 7 5 , 3  
1 . 6 2 8  
2 . 9 3 3  
2 8 . 1 2
3 3 5 4 . 9
2 2 6 7 , 0
1 . 5 6 0
2 , 5 9 9
2 7 , 7 4
4 8 3 6 , 1  
3 2 4 7 a  
1 , 4 7 8  
2 , 3 0 7  
2 6 , 8 9
6971 , 3  
4 7 8 6 . 5
1 , 3 0 1
1 . 7 0 4
2 9 , 6 1
i o n  n  a
6 8 5 0 , 2  
1 , 3 0 5  
1 , 4 9 3
2 3 , 6 5
1 4 2 6 9 , 0
9 6 2 2 a
1 , 2 2 9
1 , 2 8 2
2 7 , 8 5
MEAN
S
, , 0  A3 
A 4 
X2
1 4 0 0 , 4  
9 5 2 , 1  
1 , 5 9 9  
2 , 7 9 4  
2 8 , 8 2
2 0 0 6 , 9  
1 3 5 4 , 4  
3 .5,17 
2 , 4 4 0  
2 6 . 0 6
2 8 6 4 ,  8' 
1 9 5 8 . 3  
1 . 4 2 2  
1 . 9 4 6
2 8 , 9 6
4 0 7 4 , 0
2 8 0 7 , 6
1 . 3 4 7
1 , 5 9 9
3 1 . 1 *
5 7 9 4 , 2
3 9 1 7 , 9
1 , 2 2 9
1 , 2 6 2
2 7 , 8 5
8 3 0 3 , 3
5 6 3 6 , 0
1 . 1 3 5
0 , 9 3 5
2 8 , 2 3
1 1 7 6 7 , 5
8 1 1 1 , 2
1 . 1 1 0
0 , 7 6 3
3 0 . 8 0
MEAN
s
• 0 A3 
A A 
X2
1 3 3 9 a  
9 0 2 , 8  
1 , 5 6 8  
2 , 6 4 1  
24 , 7 6
■1897.4
1 2 8 2 , 0
1 . 4 7 8
2 , 3 0 7
2 6 , 8 9
2 7 0 9 , 6
1 8 7 3 , 8
1 . 3 5 7
1 # 60S
3 0 , 1 7
3 840 a  
2 5 9 2 , 9 -  
1 , 2 5 2  
1 , 3 7 0  • 
2 6 , 2 3
5 4 2 2 , 3
3 6 6 3 a
1 , 1 9 6
1 , 1 9 4
2 7 , 2 7
7 7 4 4 , 4
5 3 2 3 . 2
1 . 1 2 7
0 , 8 4 3 
3 0 , 0 2
1 0 8 8 4 , 0  
7 5 3 5 , 9  
1 « 09 Z 
0 , 7 2 6  
3 0 , 8 9
MEAN
S
, 0  A3 
A 4 
X2
1 2 6 7 . 6
8 5 8 , 4
1 . 5 1 7
2 , 4 6 0
2 6 , 0 6
1 8 1 0 , 6  
1 2 4 9 , 8  
1 . 3 8 1  
1 , 7 0 4  
2.9,61
2 5 5 6 , 6
1 7 3 7 , 5
1 , 2 4 4
1 . 3 3 7
2 7 , 8 6
3 5 9 6 , 8
2 4 4 3 , 4
1 , 2 0 6
1 , 1 9 7
29 a o
5 0 9 9 , 4
3 4 7 8 , 0
1 . 1 3 5
0 , 9 3 5
2 8 . 2 3
7 1 9 1 , 6
4 9 7 9 , 9
1 , 0 9 2
0 , 7 2 6
3 0 , 8 9
1 0 2 1 6 . 2
7 1 4 8 . 2
0 , 9 9 9
0 , 3 8 3






1 2 0 1 . 8
8 1 8 , 0
1 , 4 5 7
2 a 6 9
2 6 , 5 9
1 7 0 3 . 7
1 X 7 7 . 3
1 , 3 4 7
1,-599
3 1 . 1 4
2 3 8 7 , 7
1 6 1 9 , 9
1 . 2 5 2
1 , 3 7 0
2 6 . 2 3
3 3 8 5 , 4  
2 2 9 5 , 6  - 
1 . 1 3 9  
1 , 0 0 9  
2 9 . 1 0
4 7 3 4 , 4
3 3 0 2 , 2
1 a  10
0 , 7 6 3
3 0 , 8 0
675 3 , 3  
4 7 2 7 , 8  
0 , 9 9 9  
0 , 3 8 3  
3 2 , 5 6
9 3 8 4 , 7
6 6 2 4 , 2
1 , 0 3 2
0 , 4 6 0
3 3 , 2 5
MEAN
S
- , 0 A3 
A4 
X2
i 14 0 , 9
791 a
1 , 3 6  1 
1 , 7 0  4 
2 9 , 6 1
1 6 0 5 , 0  
1 ^ 8 7 , 6  
1 , 2 5 2  
1 , 3 7 0  
2 6 , 2 3
2 2 4 0 , 4  
152 2 , 6  
1 . 1 9 6  
1 , 1 9 4  
2 7 , 2 7
3 1 5 7 , 2
2 1 0 8 , 7
1 . 1 2 7
0 , 8 4 3
3 0 . 0 2
4 4 1 7 . 2
3 0 7 2 . 2  
1 , 0 5 5  
0 , 6 5 5  
3 1 , 9 5
6 2 0 5 , 7
4 4 2 4 , 5
1 . 0 3 2
0 , 4 6 0
3 3 . 2 5
8 7 2 0 , 8  
6 3 2 5 , 6  
1 , 0 4 6  
0 , 4 0 2  
3 4 , 2 4
mean
s
5 , 0  A3 
A4 
X2
9 4 0 , 5  
6 4 6 * 8 
1 . 1 9 6  
a m
2 7 , 2  t
' 1 3 0 3 , 8  
"  0 3 , 9  
1 , 1 1 3  
0 , 8 6 1  
^ 0 , 5 0
1 8 1 5 , 3
1285 a  
1 . 0 5 0
0 , 5 9 0
3 2 , 4 3
2 5 1 0 , 3  
1 8 0 9 , 9  
1 , 0 3  8
0 , 4 8 4
3 1 , 6 7
3 4 8 0 , 5  
2 5 5 2 , 9  
1 , 0 5 8  
0 »4 4 6
30 a s
4 7 9 6 , 6  
3 5 8 2 , 1  
1 . 0 2 5
0 , 2 6 3
3 3 , 7 3
6 8 6 6 a
5 2 0 2 , 9
0 , 9 1 5
- 0 , 0 7 4
3 8 , fU
t :1314 171
E S I SAMPLE SIZE s 84
MPLE « 1 NUMBER QF CLASSES e 10
SS-PlQT « SONIC*RESISTIVITY DEGREES OF FREEDOM * 7
1PLE = Pl/2 X2 ( 0,99-0,95 ) » 19*14itit»»iinti S B S S S S S S S S ssssssssss ssssssasssssssssr M 11 II U II II II u 1! sssrssssaa a a a s s s a
C M ( CEMENTATION EXPONENT )
1,70 1,80 1,90 2,00 2.10 2,20 2,30a c s a a s sssssssssss ssssssssss sssssssssssssssss sssssasss ssssasssac s s a a a s s
MEAN 38,729 46,659 55,49? 65,981 78.864 94,099 112,884
S 12,0959 14,8916 18,1100 21,8370 26,1798 31,193! 37,9853
0 A3 0.857 0,762 0,728 0,734 0,682 0,664 0,601
A 4 0.417 0,023 *0,065 *0,091 -0.180 -0,212 -0,375
X2 8,28 10,52 11,14 10,61 10,05 11,05 11,86
MEAN 36,033 42,748 50,720 60,270 71,813 85,269 101,434
s 11,6433 14.0106 16,6910 20,0737 24,4162 29,4792 35,8325
O A3 0,745 0,734 0.69Q 0,652 0,534 0,553 0,560
A4 *0,031 -0,091 *0,131 *0,213 *0,374 *0,499 *0,532





























































MEAN 32,897 38,880 46,207 54,609 64.45 8 76,507 90,997
S 10,9466 12,8993 15,6395 19,0995 22,7899 27,2848 33,2531
A3 0,682 0,643 0,584 0,534 0.592 0 ,499 0,463
A4 *0,154 *0,184 *0,374 *0,537 *0.504 -0,636 -0,782





















MEAN 28,881 33,941 40,200 47,184 55,819 65,633 76,531
S 9,9229 11,8921 14,3982 17,1751 20,8173 25,0056 29,9035
0 A3 0,582 n,52l 0,469 0.441 0,395 0,397 0,428
A4 *0,423 *0,536 -0,649 *0,758 *0.870 -0,862 *0,892










SAMPLE SIZE = 84
NUMBER OF CLASSES = 10
degrees of freedom = 7





CEMENTATION EXPONENT ) 










- 0 , 6 6 5 
5 9 98




















































































































































































































































































T 1314 E a 1
M P U  « 2 
1SS-PtQT a DENS.*
SAMPLE SIZE 
NUMBER OF CLASSES 






X2 < 0 ,99-
e : e : s s : :





cementation EXPONENT ) 
1,90 2.00 2,10 2,20 2,30ssssssssssssssssaa ...... . s83s:ss:3s s s e s e s b : csssssass S=SSS=5S=S SSSSSSS
MEAN 0,4275 0,36?8 0,3186 0,2760 0.2381 0,2043 0,1767
S 0,2400 0.2078 0,1870 0,1651 0,1438 0,1286 0.1136
60 A3 1,236 1.178 1 a 086 1,086 1.093 1.064 1,064
A4 1,170 1.021 • 0,692 0,692 0.799 0,704 0,704
X2 9,09 8,70 11.19 11,19 10,98 12,86 12,86
MEAN 0,5161 0.4573 0,4018 0,3515 0,3066 0,2714 0,2368
S 0,2816 0.2517 0,2.261 0,1979 0,1766 0,1592 0,140063 A3 1,304 1.280 1.245 1.158 1,1-53 1,086 1,093A4 1,393 1,293 1,172 0,966 0.908 0,692 0,799X2 9,99 9,42 9.43 8.83 10,24 11,19 10,98
ME AN 0,5545 0,4838 0,4325 0,3796 0.3322 0,2921 0.2595
S 0,3010 0.2654 0,2391 0,2143 0,1866 Q,1684 0.1522
64 A3 1,316 1,304 1,245 1.245 1,199 1,153 1,086
A4 1,333 1,393 1,172 1,172 1,019 0,908 0,692
X2 10,25 9,99 9,43 9,43 9,98 10,24 11.19
MEAN 0,5916 0,5203 0,4579 0,4090 0,3586 0,3166 0,2794
S 0,3157 0,2841 0,2536 0,2269 0,1996 0,1781 0,1611
65 A3 1,316 1,316 1,274 1,245 1.187 1.199 1,153
A4 1,333 1,333 1,235 1,172 1,024 1.019 0,908
X2 10,25 10,25 10,53 9,43 9,06 9,98 10,24
mean 0,6325 0,5557 0,488.3 0,4333 0,3885 0,3402 0,3030
s 0,3363 0,2985 0,2648 0,2410 0,2163 0,1914 0,1706
66 A3 1.324 1,316 1,304 1,274 1,245 1.199 1.199
A 4 1.266 1,333 1,393 1,235 1,172 1.019 1,019
X2 10,69 10,25 9,99 10,53 9,43 9,98 9.98
MEAN 0,6747 0,5921 0,5244 0,4647 0,4119 0,3706 0,3277
S 0,3508 0,3132 0,2835 0,2544 0,2301 0,2070 0,1818
67 A3 1.313. 1.316- 1,316 1.274 1,274 1,245 1,199
A4 1,268 1,333 1.333 1,235 1.235 1,172 1.019
X2 9,96 10,25 10.25 10.53 10,53 9,43 9,98
M B A N 1.0168 0,9246 0.8373 0.7572 0,6864 0,6196 0.5645
5 0,5116 0,4619 0,4195 0,3837 0,3543 0,3217 0,2961
75 A3 1,422 1,336 1,293 1,325 1.325 1,317 1.316
A 4 1,542 1,247 1.131 1,279 1.279 1,346 1,333










SAMPLE SIZE = 55
NUMBER OF CLASSES * 10
DEGREES OF FREEDOM = 7
X2 ( 0,99-0,95 ) = 19-14
HNS, M ( CEMENTATION EXPONENT )
1,70 1.80 1,90 2,00 2,10 2,20 2.30s = s sa = c s s a as s a a s js a s.aasasscssssssaasassss sasaaasr srsssassa :s::s::s
M E A N , 0,6292 0,5849 0,5424 0,5022 0,4652 0,4310 0.3991
S 0,1753. 0,1647 0,1570 0,1491 0,1416 0,1343 0.1307
2,60 A3 0,590 0,596 0,578 0,578 0,578 0,578 0,557
A4 -Q.34S -0,283 -0,388 -0,388 -0,388 -0,388 -0,514
X2 4,89 3,23 4,41 4,41 4,41 4,41 5,74
M £ A N 0,7034 0.6533 0,6110 0,5716 0,5324 0,4974 0,4647
S 0,1846 0,1776 0.1677 •0,1606 0,1523 0,1443 0,1377
2,63 A3 0,654 0,65 3 0,666 0,615 0,613 0,615 0,590
A 4 -0,257 -0,267 -0,256 -0,319 -0,350 —0,319 -0,348
X2 3,30 3,76 5,16 4,53 6,16 4,53 4,09
MEAN 0,7250 -0,6805 0,6334 0,5923 0,5553 0,5172 0,4864
S 0,1861 Os 1796 0,1730 09 1639 0,1561 0,1478 0,1411
'2,64 A3 0,722 0,654 0,653 0,683 0,63Q 0,644 0,615
A4 -0,121 -0,257 -0,28? -0,260 -0,355 -0,282 -0,319
X2 3,64 3,30 3,76 5,24 6,76 6,68 4,53
MEAN 0,7464 0.7017 0,6600 0.6170 0,5743 0,5382 0,5058
S 0,1888 0,1813 0,1751 0,1672 0,1598 0,1509 0,1447
2,65 A3 0.733 0.722 0,654 1 0,683 0,696 0,696 0,644
A 4 -0,030 -0,121 -0,257 -0,260 -0,212 -0,212 -0,282
X2 2,39 3,64 3,30 5,24 6,57 6,57 6,68
MEAN 0,7705 0,7241 0,6851 0 ,6416 0,6010 0,5605 0,5264
S 0,190 7 0,1858 0,1783 0,1711 0,1635 0,1564 0,1478
2,66 A3 0,739 0.718 0,654 0,654 0,683 0,696 0,696
A 4 0,04 8 -0,114 -0,25? -0,257 -0,260 -0,212 -0,212
X2 2,46 3,23 3,30 3,30 5,24 6,57 6,57
MEAN 0.7897 0,7479 0,7028 0,6663 0.6238 0,5841 0,5494
S 0,1965 0.1672 0,1816 0,1744 0,1685 0,1598 0,1514
2,67 A3 0,737 0,733 0,718 0,654 0,653 0,696 0,696
A 4 0,061 -0,030 -0,114 -0,257 -0,287 -0,212 -0,212
X2 2,70 2,39 3.23 3,30 3,76 6,57 6,57
MEAN 0,9772 0.9339 0,8 875 0,8455 0,8012 0,7608 0,7224
S 0,2335 0,2233 0,2161 0,2095 0,1959 0,1899 0,1827
2,75 A3 0,821 0 ,848 0,883 0,857 0,739 0,739 0,783
A4 0,226 0,272 0,289 0,240 0,031 0,031 0,075








SAMPLE SIZE = 55
NUMBER QF CLASSES * 10
DEGREES OF FREEDOM c 7
sample 8 L 0 G P X 2 { 0.99-0 ,95 ) * 1 9r? 1 4
ENS, M < CEMENTATION EXPONENT )
1.70 1.80 1,90 2.00 2,10 2,20 2,30
mean 0,4387 0.5110 0,5766 0,6413 0,7013 0,7693 0,8401
s 0,2290 0,2409 0,2536 0,2628 0,2727 0,2761 0,28542,60 A3 -0,028 -0,109 -0,214 -0*162 -0,075 -0,027 0,016
A 4 -0 ,888 -0*867 -0*741 -0,821 -0,902 -0*902 -0,881
X2 4,83 7 *82 6,47 7,40 12,79 11*33 6,46
MEAN 0,3604 0.4046 0,4632 0.5239 0.5810 0,6472 0,7093
S 0 , 189 6 0,2008 0,2272 0,2329 0,2458 0,2521 0.2611
2 «6 3 A3 0*111 n „ 030 -0,09? -0,191 -0,234 -0,234 “0,205
A 4 -1,099 -1,049 -0,887 -0,743 -0,703 -0,703 -0,786
X2 5,77 6,23 4,33 6,88 6,59 6,59 6,68
MEAN 0,3307 0,3747 0,4284 0,4912 0,5458 0,6023 0,6665
S 0,1819 0.2018 0,2178 0,2283 0,2371 0,2460 0,2520
2.64 A3 0, 189 0.0Q9 -0,162 -0,113 -0 *312 —0,234 -0,234
A 4 -1,073 -1,059 -0*931 -0,909 -0*583 -0,703 -0*703
X2 8,00 6,05 2*88 6,05 4,13 6*59 6,59
mean 0,3041 0,3386 0,3994 0,4542 0,5131 0,5692 0,6238
s 0,1735 0.1892 0,2030 0,2234 0*2269 0,2390 0,2452
2*65 A3 0,300 0,116 -0,001 -0,200 -0,162 -0*314 -0,255
A4. -1,088 -1,103 -1,005 -1,003 -0,803 -0,617 -0,664
X2 10,24 . .5,18 5,87 6,69 7,08 4,15 7,19
M £ A N 0,2843 0,3297 0.3732 0,4258 0,4751 0,5389 0,5888
s o,1661 0,1792 0,2025 0,2131 0,2223 0,2428 0,2394
2.66 A3 0,332 0,212 0,-024 -0,117 -0,177 -0,267 -0*314
A 4 -1,030 -1,046 -1,114 -0,978 -0,980 -0,748 -0,617
X2 10 ,37 7.79 6,22 3,02 7*98 2,39 4.15
MEAN 0.2641 0,3041 0.3537 0,3976 0,4479 0,4989 0,5573
s 9,1577 0,1728 0,1857 0,2056 0.2209 0,2268 0,2441
2,67 A3 0,345 0,297 0,116 -0,042 -0,20? -0,257 -0,267
A4 -0,943 -1,088 -1, 103 -1.081 -0,919 -0.835 -0,748
X2 8,3 3 10,16 5,18 5*65 5,29 4,32 2*39
M F A N 0,1612 0,1730 0,1987 0,2254 0,2561 0,2919 0,3239
S 0,1191 0,1251 0,1330 0,1421 0,1528 0, 1646 0,1739
2,75 A3 0,557 0,422 0,349 0,362 0*379 0.301 0,205
A4 -1,028 -1 * 104 -1,048 -0,897 -0,937 “0,986 -1 * 150












NUMBER QE CLASSES 
DEGREES OF FREEDOM 









CEMENTATION EXPONENT ) 























































































































































































































































































SE * 2 SAMPLE SUE ■ 100
AMPLE ■ 1 NUMBER QF CLASSES ■ 10
QSS-Pl'OT s SONIC"RESISTIVITY DEGREES OF FREEDOM ■ 7
MPLE ■ Pl/2 X2 { 0,99-0 .95 ) S 19-146s::as:s: c:s::s::= ::::s::ss S S S S S B S S sasasssasi: ssa~=sss
IC M ( CEMENTATION EXPONENT )
1,30 1,40 1.50 1,60 1,70 1,80 1,90sssssesss aassssas: : : : s s o s s e ;::sssss :r:ssc:
mean 9,992 12.253 15,024 18,420 22.441 27,453 33,513
s 4,1523 5.0222 6,0718 7,3372 9,0015 11.0791 13,4850
,0 A3 1,886 1,880 1,879 1.881 1.870 1,973 1,959
A 4 3,205 3,243 3,295 3,360 3,263 3,924 3,901
X2 114,69 102.28 90,52 83,88 80,BO 71.63 68,06
MEAN 9,398 11.536 13,982 16,981 20,708 25,042 30,855
S 3,8669 4.6197 5*6232 6,7541 8,3418 10,0430 12,1008
,0 A3 1,880 1.880 1,887 1,902 1,959 1.992 1,962
A4 3,243 3.342 3,311 3,458 3,901 4,097 3,999
X2 102,28 85,76 81,30 73,09 68,06 64,36 56,03
MEAN 9,093 11.006 13*321 16,156 19,552 23,959 29,174
S 3,6629 4.4334 5,3073 6,4966 7,8200 9,4153 11,5431
A3 1,879 1.887 1.902 1,989 1,996 1,962 1,889
A 4 3,325 3.311 3,458 4,071 4,125 3,999 3,595
X2 84,85 81,30 73,09 65,82 63,44 56,03 53,39







































MEAN 8,822 10,652 12,942 15.560 18,983 23.107 28,067
S 3,5308 4,2636 5,2233 6,2531 7,5130 9,1902 11,0235
A3 1,909 1,900 1,959 1,992 1,972 1,883 1 a 853
A4 3,476 3,438 3,901 4,097 4,008 3,564 3.528
X2 83,31 75.12 68,06 64,36 60,16 52,95 46,86
mean 8,693 10.506 12,668 15,307 18,650 22,673 27,786
s 3,5086 4,1749 5,1049 6,1075 7,3466 8,9739 11,2164
A3 1,887 1,904 1,989 1,999 1,962 1.875 1 ,879
4 4 3,311 3,4?9 4,071 4,153 3,999 3,560 3,470
X2 81,30 74,11 65,82 63,26 56,03 50,65 49,63
MEAN 8,159 9.7S6 11,860 14,313 17,449 21,182 25,555
S 3,3149 3,9450 4,7098 5,7256 6,8089 8,4297 9,9984
A3 1,992 1,992 1,972 1,898 1,820 1,8 79 1,946
A4 3,996 4,097 4,008 3,600 3,266 3.527 3,061








= S 0MIC-RESISTIV IT Y
= I P G P
SAMPLE SIZE =100
NUMBER UF CLASSES = 10
DEGREES OF FREEDOM * ?





CEMENTATION EXPONENT ) 
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T 1314 179a 2 SAMPLE $!ZE *100
4PU 3 i NUMBER OF CUSSES 3 10
SS-PLOT 3 DENS,*RESISTIVITY DEGREES OF FREEDOM « 7
.-IE 19 p X2 ( 0,99-0 ,95 ) a 19-14:s::-ss ;s:;8s::s ;3:es::::::s3sss:s: it ii t, ii ii it ii ii sacssssssassassss
« M ( CEMENTATION EXPONENT )
1,30 1,40 1,50 1,60 1,70 aGO* 1,90f> m mm
MEAN
3B£SB5*2»2S5S22*#«»
0,1966 0.1787 0,1612 0,1466 0,1301 0,1172
** «• 9 S—<m tm
0,1093
S 0,1904 0,1758 0,1623 0,1493 0,1374 0,1260 0,1151
0 A3 4,099 4,099 4,122 4,122 4,259 4 • 349 4,377
A4 20,565 20,565 20,702 20,702 21,727 22.496 22.675
X2 112,06 112,06 116,30 116,30 124,30- 120,39 124,89
MEAN 0,2402 0,2215 0,2028 0,1870 0,1726 0,1580 0,1458
S 0,2278 0,2130 0,1956 0,1829 0,1709 0,1598 0,1494
6 A3 3,985 3,985 4,099 4,099 4,099 4,122 4,122
A4 19,199 19,199 20,565 20,565 20,565 20,702 20.702
XE 126,03 126,03 112,06 112,06 112,06 116,30 116,30
mean 0,2474 0,2286 0,2098 0,1939 0,1793 0,1645 0,1521
S 0,2336 0.2188 0,2013 0,1886 0,1766 0,1654 0,1549
7 A3 3.985 3,985 4,099 4,099 4,099 4,122 4,122
A4 19,199 19,199 20 8 565 20,565 20,565 20,702 20,702
X2 126,03 126,03 112,06 112,06 112.06 116,30 116,30
mean 0,2562 0.2358 0,2185 0,2009 0,1862 0,1725 0,1587
s 0,2409 0,224? 0.2109 0,1944 0,1824 0.17*2 0,1606
8 A3 3,908 3,985 3,985 4,099 4,099 4,099 4,122
A4 18,389 19.199 19,199 20,565 20.565 20,565 20,702
X2 126,06 126,03 126,03 112,06 112,06 H2.Q6 U6,30
MEAN 0,2632 0,2431 0,2257 0,2080 0.1931 0,1794 0,1653
S 0,2468 0,2306 0,2169 0,2003 0,1883 0,1770 0,1664
9 43 3,908 3,985 3,985 4,099 4,099 4,099 4,122
A4 18,589 19,199 19,199 20,565 20,565 20,565 20,702
XE 126,06 126,03 126.03 112,06 112.06 112,06 116,30
mean 0,2700 0,2504 0,2329 0,2151 0,2002 0,1863 0,1734
s 0,2528 0,2366 0,2229 0.2062 0,1942 0,1829 0,1723
0 A3 3,908 3,985 3,985 4,099 4,099 4,099 4,099
A4 18,589 19,199 19, 199 20,565 20.565 20,565 20,565
X2 126,06 126,03 126,03 112,06 112,06 112,06 112,06
MEAN 0,3102 0,2918 0,2719 0,2542 0,2388 0,2228 0,2094
s 0,2882 0,2720 0,2553 0,2411 0,2291 0,2138 0,2031
5 A3 3,690 3,760 3.908 3,985 3,985 4,099 4,099
A4 16,911 17,446 18.589 19,199 19.199 20,565 20,563
XE 131,75 131,04 126.06 126,03 126,03 112,06 112,06
T 1314 180
CASE » 2 SAMPLE SIZE =100
EXAMPLE a 1 NUMBER OF CLASSES = 10
CROSS-PLOT ■* OEMS,"RESISTIVITY DECREES OF FREEDOM = 7





CEMENTATION EXPONENT ) 
















M £ A N 0.3010 6.3591 0,3413 0,3236 0,3067 0,2917 0,2773
$ 0,1769 0.1685 0, 1630 0, 1557 0.1492 0,1437 0,1369
2.'60 A3 2, 1.19 2.1 S 9 2, 162 2.217 2,251 2,247 2,306
A 4 4,619 5,046 4,942 5,249 5,460 5,464 5,688
X2 121.53 115.90 116.60 105,58 101.56 98,27 ■102.57
u n d e r f l o w
mean
AT 046731 
0.4221 0,4033 0,3874 0,3.692 0,3528 0*3372 0,3232
s 0 , 1919 0.1863 0,1792 0*1725 0,1669 0,1619 0,1558
2,66 A3 2,099 2 *099 2,119 2,153 2* 162 2* 162 2,190
A 4 4*443 4 ,443 4,619 4,852 4,94 2 4 ,942 5* 142
X2 139,80 139,30 121,53 119,80 116,60 116,60 108.01
MEAN 0.4247 0,4105 0,3926 0,3766 0,3594 0,3448 0,3300
S 0.1896 0. 1886 0.1821 0,1749 0,1691 0,1645 0,1587
,67 A3 2,208 2*099- 2,129 2 * 15 3 2,189 2,162 2,194
A 4 5,154 4,443 4,621 4,852 5,046 4,942 5,140
X2 132,61 139.80 131,10 119,80 115*90 116,60 112,10
MEAN 0.4312 0,4175 0,3909 0,3851 0,3679 0,3525 0,3367
S 0,1917 0.1909 0. 1847 0.1788 0,1724 0.1671 0,1616
,68 A3 2,208 2,099 2,134 2.119 2,153 2.162 2,199
A4 5,154 . 4,443 4*623 4,619 4,852 4,942 5,139
X2 132,61 139,80 135.45 121.53 119*80 116,60 113,27
MEAN 0,4408 0,4213 0,4071 0,3904 0.3754 0.3591 0,3454
S 0,19 a 0 0,1883 0, 1880 0,1818 0,1749 0, 1694 0, 1651
,69 A3 2, 105 2,202 2,099 2,129 2,153 2, 139 2,162
A 4 4,447 5,151 4*443 4.621 4.852 5,046 4,942
X2 141*59 128,20 139.80 131,10. 119,60 115,90 116,60
MEAN 0,4466 0,4272 0.4111 0.3967 0,3839 0,3677 0,3531
S 0,2012 0.19QB 0*1856 0,1845 0,1789 0,1728 0,1677
2,70 A3 2.105 2,208 2.202 2,134 2,119 2.153- 2,162
A 4 4,447 5,154 5,151 4,623 4,619 4,852 4,942
X2 141,59 132,61 128,20 135.45 121,53 119,80 116,60
MEAN 0,4749 0,4610 0,4441 0,4306 0,4156 0,4000 0.3882
$ 0.2139 0,2075 0.1974 0,1926 0.1884 0,1833 0.1768
2,75 A3 2.071 2,105 2.208 2,202 2,202 2,240 2*260
A4 4*273 4 ,447 3,154 5,151 5,151 5,357 5*624






sample s u e
NUMBER OF CLASSES 
DEGREES OF FREEDOM 
X2 ( 0,99-0,95 )









1,30 1,40 1 * 5 0 1.60 1.70 1,80 1,90
MEAN 0,5927 0,6320 0,6589 0,6997 0,7428 0,7897 0,8285
S 0.335F 0,3370 0,3458 0,3523 0,3535 0,3F43 0. 3 F 8 3
A 3 -0,207 -0,277 -0,247 -0,300 -0,338 -0,402 -0,370
A4 -1,121 -1,109 -1,135 -1,103 -1,023 -0,980 -1,011
X2 36,29 30,87 27,70 20,37 14,45 18,19 15,62
MEAV 0,5342 0,5597 0,5825 0,6145 0,6500 0,6681 0,7027
5 0,3185 0,3251 0,3310 0,3350 0,3393 0,3482 0,3516
A3 - o a n -0,181 -0,192 -0,264 -0,269 -0,245 -0,281
A 4 -1,148 -1,159 -1,107 -1,122 -1,123 -1,151 -1,082
X 2 35,75 41,27 32,42 34,02 24,56 25,87 18,08
MEAN 0,5229 0,5524 0.5717 0,6010 0,6345 0,6565 0,6825S 0,3160 0,3223 0,3281 0,3340 0,3355 0,3460 0,3530
A3 -0,111 -n,151 -0,187 -0,225 -0,266 -0,258 -0,280
A4 -1,148 -1,213 -1,104 -1,129 -1,102 -1,127 -1,123
X2 35,75 41,45 32,22 32,90 32,77 24,85 23,11
MEAN 0,5113 0,5419 0.5602 0,5847 0,6180 0,6502 0,6679
S 0,3114 0,3238 0,3275 0,3335 0,3353 0,3416 0,3472
A3 -0,081 —0,135 -0,183 -0,225 - 0 * 2 6 4 -0,280 -0,230
A 4 -1,114 -1,205 -1,141 -1,129 -1,122 -1.120 -1,157
X2 33,2.5 41,12 37,17 32,90 34,02 24,21 24,29
MEAN 0,5047 0,5317 0,5539 0,5777 0,6026 0,6365 0,6581
s 0,3062 0,3195 0,3255 0,3289 0,3321 0,3353 0,3449
A3 -0,061 -0,135 -0,164 -0,201 -0,244 -0,2.66 -0,258
A 4 -1,090 -1 * 15 6 -1,212 — 1,101 -1,138 — 1,102 -1,127
X2 28,96 35,74 4 3,46 34,50 32,25 32,77 24,85
mean 0.4929 0,5209 0,5458 0,5628 0,5877 0,6190 0,6503
s 0,3005 0,3164 0,3207 0.3272 0,3338 0,3356 0,3420
A3 -0,026 ■-0, 111 -0,144 -6,187 -0,225 -0,264 -0,278
A 4 -1,102 -1,148 -1,209 -1,104 -1,129 -1,122 -1,139
X z 27,34 35,75 40,85 32,22 32,90 34,02 26,57
MEAN 0,4578 0,4752 0,4939 0,5124 0,5382 0,5528 0,5763
s 0, 282.6 0,2929 0,3026 0,3127 0,3189 0.3251 0,3252
A3 0 , 0 4 7 0,004, -0,022 -0,127 -0,161 -0,174 -0,239
A 4 -1,036 -1.079 -1,095 -1*151 -1,174 -1,218 -1,119
X2 41,16 30,2 5 26,84 33,11 36,45 43,68 33,77
T 1314 182
E = 2  SAMPLE SIZE =100
MPIE * 2 NUMBER OF CLASSES = 10
SS-PLOT = DENS,^RESISTIVITY DEGREES OF FREEDOM ■ 7
IPLE = P X2 < 0 ■ 99*0,95 ) ■ 19-14
M ( CEMENTATION EXPONENT )
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NUMBER OF CLASSES 
DEGREES HF FREEDOM 
X2 { 0.99^0,95 )
= LO0 
■  10 a 7
a 1 9 1 4
S S S S S Z S S S S S S
ENS, ( CEMENTATION EXPONENT )

































































































































































































































































































CASE *? 2 SAMPLE SIZE = 100
EXAMPLE = 2 NUMBER QF CLASSES a 10
cross-plot * DENS, -RESISTIVITY degrees OF FREEDOM a 7
SAMPLE = LOOP X2 ( 0,99-0 ,95 ) c 19414ssss iiittititiitH ssssssss :a;:::s:ss ssssssss 5? *■» 2* S C 35 3 S3 S3 82 S3 H II II II 11 II II II SBSSS3SSSS s s s 6 s s s
£NS, M ( CEMENTATION EXPONENT )
1,30 1,40 1,50 1,60 1,70 1,80 1,90sssssscsss: s : : : : s b : ssssss:::: iiiiiiitiinitH SSSSES'SSSS S3SSSSSS iiuIIItIIIIIIIIIIII uItIIuII11II
MEAN 0,9091 0,9303 0,9472 0,9728 1,0031 1,0321 1.0544
s 0,4211 0,4437 0,4754 0,4997 0,5186 0,5337 0,5622
2.60 A3 -0,555 -0,399 -0,596 -0,586 -0*621 -0,635 -0.633
A4 -1,141 -1,085 -1,117 —1,164 -1,102 -It 100 -1,116
X2 60,86 64,63 67,40 84,36 91,78 83,76 90.98
meav 0,8764 0,8810 0,8992 0,9204 0,9371 0,9560 0,9729
s 0,3778 0.4093 0,4154 0,4359 0.4511 0,4815 0,5030
2,66 A3 -0,576 -0,571 -0,54? -0•569 -0,595 -0,593 -0,586
A4 -1.035 -1,074 -1,140 -1,120 -1,086 -1,143 -1.164
X2 53,04 59,44 60,06 58,12 63,91 82,56 84,36
MEAN 0,8697 0,8856 0,8879 0,9151 0,9298 0,9424 0,9689
S 0,369? 0.3935 0,4127 0,4230 0.4443 0,4708 0,4874
2.67 A3 -0,560 -0,612 -0,568 -0,554 -0 * 599 -0,600 -0,584
A4 -1,061 -0,959 -1,109 -1,133 -1,085 -1,105 -1,148
X2 51,90 58,19 62,94 57,66 64,63 67,62 81,32
mean 0,8606 0,8802 0,8808 0,9047 0,9227 0,9376 0,9556
s 0,3687 0.3828 0,4052 0.4155 0,4336 0,4493 0.4815
2,68 A3 —0,598 -0,565 -0 § 584 -0,545 -0,559 ‘-0,589 - 0 8 5 9 3
A4 -0,995 -1,052 -1,056 -1,134 -1,116 -1,075 -1,143
X2 49,76 32,06 61,10 58,88 57,48 60,26 82,56
mean 0,8521 0,8736 0,8795 0,8886 0,9153 0,9270 0,9437
s 0,3631 0,3751 0,4034 0.4142 0,4242 0,4435 0,4687
2,69 A3 -0,602 -0,559 -0,594 -0,557 -0,548 *-0,594 -0,601
A4 -0,984 -1,058 -1,008 -1,119 -1,131 -1,077 -1,093
X2 51,24 50.17 37,4? 60,33 56,77 59,81 63,98
MEAN 0,8435 0,8672 0,8801 0,8804 0.9Q47 0,9184 0,9360
S 0,3629 0.3697 0,3866 0,4080 0.4163 0,4310 0,4512
2,70 A3 -0,624 -0,586 -0,597 -0,582 -0.546 -0,565 ■-0.589
A 4 -0,948 -0,993 -0,931 -1,059 -1,128 -1.107 -1,084
X2 47,62 51,09 51,94 60,29 56,09 59,65 63,04
MEAN 0,6224 0,8308 0,8412 0,8536 0,8682 0,8778 0,8889
s 0,3295 0,3518 0,3619 0,3653 0,3743 0,3962 0,4152
2,73 A3 -0,759 — 0 ,714 -0,618 -0,555 -0,592 -0,603 -0,578
A 4 -0,518 -0,679 -0,943 -1,009 -0,958 -0,971 -1,068
X2 37,72 39,92 49,77 45,19 50,28 50,55 53,83
T 1 3 1 2* 1 8 5
F. * 2 SAMPLE SIZE o 76
MPLE = 3 NUMBER QF CLASSES ■ 10
SSwPLQT s PENS RESISTIVITY DEGREES OF FREEDOM a 7
PLE a p X2 ( 0,99*0.95 ) a 19i-14s s s s ss a asssssss::: :::;:si:a3332:s::s::sss:sE::s;s:!!::5 saasssassssssassa
* • M ( CEMENTATION EXPONENT )
11 30 1.40 1.50 1,60 1,70 i.ao i,9o
J5 — 5 S 8 S S SI 0 IS tl 11 II 11 tl 11 II aaasassssa iiiiittiii11IIIIIIItItntiititiinitiiiiiiitiitsitti is » it it ti ii u ii it it it ii ii ti tt it u
MEAN 0,3813 0,3497 0,3192 0,2913 0,2645 0,2414 0,2205
S 0,3255 0,3004 0,2748 0,2520 0,2318 0.2127 0,1944
0 A3 1,462 1.462 1,475 1,493 1,519 1,539 1,553
A4 1.348 1 .343 1,44? 1,563 1,664 1.697 1,807
X2 65,39 65,39 65,69 63,53 64.SQ 69,57 67,30
MEAN 0,4566 0.4254 0,3921 0,3644 0,3371 0.3118 0.2898
S 0,3810 0,3584 0,3345 0,3126 0,2896 0.2689 0,2513
6 A3 1,392 1,439 1,462 1,462 1,475 1.498 1,498
44 1.105 1.273 1,348 1,348 1.447 1.563 1.563
X2 67,71 64,62 65,39 65,39 65,69 63,53 63,53
mea n 0,4688 0,4396 0,4044 0.3767 0,3492 0,3237 0,3015
s 0,3908 0,3707 0,3444 0.3-225 0,2993 0,2784 0,2607
7 A3 1,392 1.417 1,462 1,462 1.475 1,498 1,498
A4 1,105 1,167 1,348 1,348 1,44? 1,563 1,563
X2 67,71 65,68 65,39 65,39 65,69 63,53 63,53
MEAN 0,4832 0,4520 0.4188 0.3891 0,3632 0,3357 0,3133
5 0,3994 0.3808 0,3558 0,3324 0,3119 0,2881 0,2703
8 A3 1,395 1.417 1.436 1,462 1,462 1,498 1,498
A 4 1.122 1,167 1.256 1.348 1,348 1,563 1,563
X2 64,07 65,68 65,94 65,39 65,39 63,53 63,53
m ean 0,4932 0,4622 0.4332 0,4017 0,3756 0,3496 0,3253
s 0,4067 0,3857 0,3649 0,3425 0,3220 0,2999 0,2801
9 A3 1.416 1 ,392 1,439 1.462 1,462 1.475 1,498
A 4 1.227 1 ,105 1,273 M  »348 1,348 1,447 1,563
X2 62,99 67.71 64 ,62 65.39 65,39 65,69 63,53
mean 0,5079 0,4747 0,4478 0,4164 0,3883 0.3621 0,3376
s 0,4183 0,3958 0,3775 0.3541 0,3322 0,3100 0,2900
10 A3 1,391 1,392 1,417 1,436 1.462 1.475 1.498
A4 1,136 1.105 1,167 1,256 1.348 1.447 1,563
X2 61,57 67,71 65,68 65,94 65,39 65,69 63,53
MEAN 0,5762 0,5409 0,5101 0,4855 0,4557 0,4293 0,4060
S 0 ,4 7 8 3 0,4450 0,4248 0,4087 0,3868 0,3658 0,3474
n A3 1,472 1.391 1,392 1.417 1,436 1.462 1,462
A 4 1.413 1.136 1,105 1,167 1,256 1.348 1,348










SAMPLE SIZE = 76
NUMBER OF CLASSES a LO
DEGREES OF FREEDOM = 7
X2 ( 0,99-0,95 ) * 19-14
ENS { CEMENTATION exponent )
1,30 1.40 1,50 1,60 1,70 1,80 1,90
MEAN 0,5620 0,5 369 0,5130 0,4935 0,4683 0,4470 0,4282
S 0,2356 0,2288 0,2214 0,2166 0.2061 0.1978 0,1908
A3 0.909 0,895 0.912 0,890 0,898 0,893 0,865
A 4 -0,177 -0,237 *■*0.218 -0.320 —0,213 -0.237 -0,261
X2 33,48 34 s 56 33,21 32,51 28,50 29,05 28,52
H E AN C.6133 0,5929 0,5699 0,5483 0,5276 0.51U 0,4929
S 0,2662 0,2482 0,2390 0,2332 0,2270 0,22 34 0,2165
A3 0,895 0,876 0,909 0,895 0,912 0«890 0,876
A 4 e» 0 , 2 0 4 •*0,240 *0.177 -0,237 **0.218 -0,320 -0,333
X2 36,60 3 7 10 8 33,48 34,56 33,21 32,51 30,42
MEAN 0,6188 0,6001 0,5779 0,5579 0,5373 0,5199 0.5031
S 0,2619 0,2512 0,2434 0,2366 0,2306 0,2263 0,2202
A3 0,876 0,895 0,899 0,895 0.912 0.888 0,876
A4 *•0,240 -0,2(5 4 «G,195 -*0,237 -0 . 2 I 8 -0,324 -0,333
X2 39,58 36,60' 34,59 34,56 33,21 36,55 30,42
MEAN 0,6297 0,6086 0,5882 0,5674 0,5471 0,5287 0,5121
■s 0,2659 0,2545 0,2477 0,2400 0,2331 0,2287 0,2241
A3 0,859 0,89 5 6.881 0,895 0,895 0,900 0,890
A 4 -0,285 -0,204 -0,247 •*0,237 -0,237 -0,272 -0,320
X2 42,35 36«60 35,61 34,56 34,56 34,08 32,51
MEAN 0,6377 0,6170 0,5982 0,5768 0,5567 0,5374 0,5210
s 0,2691 0,2573 0,2505 0,2418 0,2366 0,2310 0,2271
A3 0,859 0,89 5 0,876 0,909 0,895 0,912 0,888
A 4 —0,285 —0,204 -0.240 *0,177 -0,237 -0,218 -0,324
X2 42,35 36,60 37,08 33,48 34,56 33,21 36,55
MEAN 0,6457 0,6253 0,605 6 0,5850 0,5664 0,5472 0,5311
s 0,2723 0,2611 0,2535 0,2464 0,2401 0,2 346 0,2308
A3 0,8 59 0,895 0,895 0,899 0 ,895 0.912 0,888
A 4 **0,286 -0,204 -0,204 -0,195 -0,237 -0,218 -0.324
X2 42.35 36,60 36 ,60 34,59 34,56 33,21 36,55
MEAN 0,6851 0.6664 0,648 3 0.6307 0,6136 0,5963 0,5789
s 0.2909 0,2308 0,2738 0,2637 0,2582 0,2498 0,2456
A3 0 ,888 0,859 0,859 0,895 0.391 0,909 0,895
A 4 -0,257 -0,2 8 5 -0,285 -0,204 -0,247 -0,177 -0,237







= 2 SAMPLE SIZE
* I NUMBER QF CLASSES
* DENS,-RESISTIVITY DEGREES OF FREEDOM
b LOGP X2 { 0,99-0,95 )
M I CEMENTATION exponent ) 





S S S S S S B S S S S S
1,80 1,90
MEAN 0,92B 0 0.9666 l,0Q43 1,0442 1.0813 1,1271 1,1620
S 0,3009 6.3032 0,2997 0,3030 0,3047 0,3054 0,3044
A3 -1,2.03 -J,302 -1,309 -1,319 -1,365 -1,378 -1,388
A 4 0,528 0,681 0,779 0,897 1,222 1.285 1,387
X 2 64,06 56,39 52,54 48,68 48,13 48,77 50,58
mean 0,8409 0,8766 0,9105 0.9527 0,9802 1,0139 1,0476
s 0,2885 0,2933 0,3063 0,3008 0,3020 0,2995 0,3020
A3 -1,224 -1,209 -1,242 -1,278 -1,299 -1,314 -1,304
A 4 0,216 0,209 0,277 0,543 0,709 0,801 0,904
X2 81,06 78.33 82,12 56,64 53,87 53,27 45,60
MEAN 0,8289 0,8635 0,8978 0,9368 0,9694 0,9956 1,0294
S 0,2862 0.2893 0,2994 0,3017 0,2994 0,3017 0,2999
A3 ■«1.218 -1,204 -1,209 -1,310 -1,283 -1,282 -1,286
A4 0,200 0,197 0,203 0,651 0,580 0,690 0,779
X2 82,65 75,12 76,83 60,73 55,30 51,44 47,04
MEAN 0,8 l?p 0,8496 0,8833 0,9148 0,9526 0,981? 1,0118
S of2839 0.2889 0,2951 0,3069 0,2999 0,3025 0,2993
A3 — 1, 2 0 6 -1,216 -1,2.12 -1,246 -1,270 -1.299 -1.309
A 4 0,176 0,204 0,240 0,325 0,548 0,709 0,802
X2 8 4 ,4 6 78,37 74,24 78,85 53,70 53,87 51,85
mean 0,8061 0,8385 0,8705 0,9009 0,9386 0,9709 0,9948
s 0,2814 0,2.870 0,2916 0,30X1 0,2989 0,3000 0,3022
A3 -1,178 -1.212 -1,204 -1,214 -1,260 -1,233 -1,282
A4 0,071 0,196 ' 0,197 0,214 0,490 0,580 0,690
X2 85,73 8 1,35 75, 12 77.91 56,88 55,30 51,44
2,75
mean 0.7913 0,8243 0,8555 0,8899 0,9215 0,9527 0.9795
s 0,2 370 0.2863 0,2892 0,2964 0,2986 0,2996 0,3031
A3 -1, 194 -I .218 -1,204 -1,229 -1,252 -1,276 -1,285
A 4 0 ,056 r ,200 0,19? 0,296 0,456 0 ,564 0,680
X2 88,01 82,65 75,12 75,36 63.08 54,42 52,0?
MEAN. 0,7366 0.76X6 0,7899 0,8202 0,8452 0,8712 0,9027
S 0 .2803 0,2856 0,2860 0,2870 0,2910 0,29 39 0,3007
A3 -1,151 -1,157 -1,202 -1,212 -1,177 -1,153 -1,189
A 4 -0,004 -0,114 0,099 0,196 0,126 0,110 0,183










SAMPLE S U E
NUMBER DF CLASSES
d e g r e e s of f r e e d o m









CEMENTATION EXPONENT ) 
























































































































































































































































































SH 3 s a m p l e  size 46
AMPLE ■ 1 NUMBER OF CUSSES ■ 10
PSS-PlOT ■ SONIC- RESISTIVITY DEGREES OF FREEDOM * 7
MPLE » p\n X2 < 0,99- 0,95 ) = 19-14ssssssisa sss::ssss8s:s2B::eB ssassasss ssssssas sssasssss SB3SSSSSSS = s s s s s s
IC M < CEMENTATION EXPONENT )
1.70 1,80 1,90 2.00 2,10 2,20 2,30ItHUIIaitn11u sassessss sasssessss s:s:sss:s SS3SSSSS e s s s s s s s s ss s s = = = s s s II II II It It II II
MEAN 51,059 60,170 70,900 83,552 98,174 114,638 134,643
s 14,8416 18,0261 21,5820 26,2224 30,9454 36,6631 43,4406
,0 A3 -*0,149 -*0,061 -0,077 -0,069 -0,045 -0,020 0,036
A4 -*0,834 -0,805 -0,740 *0,743 -0,614 -0,704 -0,590
X2 3,50 2,61 2,47 2,75 2,88 2,37 1,34
m ea n 42,472 49,131 56,960 66,267 77,878 91,244 106,931
s 13,4902 16.2073 18,8431 21,9477 25.8863 30,7470 37,5486
• 0 A3 ■*0,064 *-0,002 0,024 0,087 0,016 0 ,034 0,155
A4 **0,675 -0,654 -0,615 -0,420 -0,432 -0,375 -0,247
X2 4,81 3,85 1,34 0,76 0,52 0,79 2,66
MEAN 36.717 42,584 49,399 56,870 65,743 75.127 87,514
5 12,1517 14,5950 17,5058 20,2402 24,6941 29,4196 34,6776
■;n .A3 0,030 0,032 0,071 0,063 0,237 0,389 0*410
A4 40,521 -0,514 -0,551 -0,375 -0,270 -0,216 -0,134
X2 0,98 0,74 1,68 2,61 4,27 2,74 4,09
MEAN 35,056 40,432 46,636 53.350 60,810 70.681 82,186
s 11.9776 14,4603 16,9649 20,3383 24,1830 28,4488 33,1322
,Q A3 0,030 0,043 0.110 0,237 0,389 0,410 0,373
A 4 -*0,521 -0,567 -0,442 -0,270 -0*216 —0,134 -0,122
X 2 0,98 1,80 3,65 4,27 2*74 4,09 3,85
m ean 33,137 37,989 43,545 49,320 57,131 66,286 76*613
s 11,8312 14,2145 16,8092 19,7586 23,4257 27,2231 32,7142
.0 A3 0,059 0,102 0,238 0,389 0,410 0,373 0,394
A4 -0,525 -0,549 -0,341 -0,216 -0,134 -0,122 -0,211
X2 2,79 3,91 5,68 2,74 4,09 3.85 1,70
MEAN 31,198 35,401 40,305 46 ,446 53,480 61,676 70,515
5 11,6857 14,2387 16,5804 19,3200 22,5649 26,9236 32,2950,0 A3 0,089 0,278 0,358 0,389 0.383 0,394 0,459
A4 -0,525 —0,406 -0,333 -0.216 -0,157 -0,211 -0*314
X2 5 ,62 7,36 4,68 2,74 2,62 1.70 4,05
MEAN 29,231 32,805 37,876 43,198 49,862 56,883 64,271s 11.7495 13,6978 16,1122 18,5972 22.1237 26,5996 32,3233
A3 0.236 0,348 0,378 0,354 0,382 0,431 0,480
A4 -0,407 -0,291 -0,250 -0,168 -0,170 -0,322 -0,441








a s p n t c -
a LPGP
RESISTIVITY
s a m pl e size
NUMBER QF CLASSES 
DEGREES OF FREEDOM 










C Eh ENT AT I [IN EXPONENT )
1,90 2,00 2,10 2,20 2,30
M £ A N 3,3767 3,5175 3,6554 3,8049 3,9339 4,0652 4,2088
5 0,2775 0,2020 0,2892 0,2948 0,3072 0,3121 0,3213
40,0 A3 - 0 , 1 3 9 -0,011 -0,793 -0.791 -0,713 -0,658 -0,676
A 4 nQ,264 -0,190 — 0 . 189 -0,015 -0,166 -0,137 -0,148
X2 10,13 11.49 10,17 6,03 3,55 3,07 2,60
HE AN 3,2097 3,3339 3,4676 3,5913 3,7216 3,8483 3,9747
S 0,3024 0,3107 0,3170 0,3233 0,3314 0,3311 0,3467
45.0 A 3 - 0 , 1 0 2 -0,659 -0,702 -0,716 -0,744 -0,782 -0,796
A 4 0,041 0,034 0,214 0,213 0,258 0,511 0,427
X2 3 ,46 2.11 2,78 2,61 2,14 2,89 3,32
MEAN 3,0794 3, 1943 3,32.09 3,4395 3,5618 3,6801 3,8023
S 0,3269 0,3393 0,3404 0,3490 0,3605 0,3750 0,3800
48,0 A3 - 0, ? 15 -0,656 -0,701 -0,707 -0,707 -0,675 -0,714
A 4 0,209 0,153 0,448 0,514 0,514 0,390 0,583
X2 2,77 1.61 1,36 2,29 2,29 2,92 3.96
M E A N 3,0251 3,1407 3,2559 3,3750 3,4898 3,6087 3,7367
S 0,3380 0,3493 0,3533 0,3657 0,38X2 0,3937 0,4062
49,0 A3 *0.720 — 0 , 6 9 6 -0,738 -0,738 -0,707 -0,707 -0,767
A 4 0,362 0,386 0,645 0,645 0,514 0,514 0,576
X 2 1 ,93 1.15 1,98 1,98 2*29 2,29 3,67
M £ A N 2,9633 3,0703 3,1862 3,3015 3,4304 3,5509 3,6716
S 0,3560 0,36.5 6 0,3730 0,3887 0,4055 0,4201 0,4372
50,0 A3 -0,7 52 -0,732 -0,771 -0,776 -0,831 -0,856 -0,851
44 0,500 0,576 0,785 0,719 0.7 2 8 0.731 0,669
X2 1,02 1,22 2,53 2,02 2,31 3,35 2,36
■1E A N 2.6993 3.0153 3,1226 3,2389 3,3556 3,4676 3,5847
5 o,376 0 0,3906 0,4071 0,4193 0,4368 0,4519 0,4653
51,0 43 -0,659 -0,690 -0,895 -0 ,930 — 0 ,924 -0,924 -0,964
A 4 0,511 0,903 0,819 0,977 0,912 0,912 1,012
X 2 1,50 1,87 3,71 3,40 2,28 2,2 8 2.95
MEAN 2,8479 2,9558 3,0637 3,1664 3,2741 3,3818 3.4953
s 0,406 8 0,42 59 0,4456 0,4622 0,4794 0,4966 0,5024
52,0 A3 — 1,03 1 -1 ,031 -1,036 -1,008 -1,00 8 -1,008 -0,975
A4 1,312 1.312 1,247 1,221 1,221 1.221 1,292
XZ 3,19 3,19 2.41 1,42 1,42 1,42 1,23
T 1314 191
SF
A M P I, E 
OSS-PLOT






NUMBER QF CLASSES 
RESISTIVITY DEGREES OF FREEDOM








c e m e n t a t i o
1,90
N EXPONENT ) 










































































































































































































































































10 4 1,0 
828,9 
1.771 











2 . fi 1
T 131^ 192
SE • 3 SAMPLE SIZE * 37
AMPLE a 2 NUMBER OF CLASSES a 10
OSS-PtQT » SONIC" RESISTIVITY DEGREES OF FREEDOM s 7
MP1E » P1/2 X2 < 0,99-0 .95 ) a 19-14
s s s a s s s s s b s : : s s s s 3 s s : s s 8 s : s s s : e b 8 : 8 & b s 8 S 3 s e ; s s : : s s : ; s : II 11 u II » II II II 11 PI ti ii ti u it ii ii
IC M ( CEMENTATION EXPONENT )
1,70 1.80 1,90 2,00 2.10 2,20 2,30
b : s s i s s b : S B S S S S B S S S S S B S C S S B s s s : s s : b : s i s : : s s : s g s s e : s : s : uiinniiiiiiiiitii a s s s a s s
MEAN 29,295 34,124 39,896 46,655 54,375 62,564 72,663
S 8,2394 9,7772 11.2960 13,1816 15.8107 18,7448 22.3956
,0 A3 0,914 0,914 0,894 0,899 0,874 0,901 0,888
44 0,399 0,399 0,535 0.7Q7 0.552 0.685 0.612
X2 8,84 8,84 10,76 5,90 8,20 6,24 4,74
m e a n 25.875 29,599 34,102 39,594 45,985 53,104 61,230
s 7,3688 8,6606 10,4925 12,3191 14.0422 16,4308 19,1667
,0 43 0,855 0,959 0,886 0.865 0,993 0,904 0,950
A4 0,572 0.756 0,47$ 0,489 0,640 0,845 1,003
XZ 6,38 7,87 5,07 3,99 2,79 2,11 1,23
m e a n 24,254 27,966 32,377 37,498 43,270 49,739 57,783
s 7,2191 8,6436 10,1300 11,5256 13.3067 15,5194 18.7043
♦ 0 A3 0,943 0,886 0,865 0,893 0,904 0,950 0.877
A4 0,602 0,478 0,489 0,640 0.845 1,003 0,739
XZ 5,75 5,07 3,99 2,79 2.11 1,23 0,89
MEAN 22.989 26,637 30,760 35.392 40.233 47,080 53,875
S 7,1430 8,2259 9,4442 11,0159 12,784$ 15.0767 17,8392
,0 A3 0,886 0,930 0,873 0*859 0.970 0,858 0,898
A4 0,478 0,562 0 • 66Q 0,699 0,983 0,765 0,827
X2 5,07 4,03 2,15 3,21 1,94 0,79 1.67
MEAN 21,880 25,086 28,886 32.729 38,188 43,463 49,565
S 6,8081 7,6959 9,0807 10,5169 12,3758 14,7043 17,4606
,0 A3 0,930 0,904 0,859 0,970 0,858 0,825 0,847
A4 0,562 0,845 0,699 0,983 0,765 0,737 0,716
X2 4,03 2,11 3,21 1.94 0,79 1,44 1,35
MEAN 20,664 23,522 26,780 30.755 35,029 39,902 46,292
s 6,5059 7.5479 8,6415 10,3547 12,1374 14,0497 16,6468
,0 43 0,903 0,879 0,950 0,825 0,847 0, 8 90 0,797
44 0,691 0,677 1,003 0,737 0.716 0.862 .0,564
xa 2,34 3,95 1.23. 1,44 1 ,35 1,18 2,45
MEAN 18,064 20,3.52 23,00$ 26,259 30,014 34,456 39..197
s 6.0576 7.1059 8,1891 9,6878 11,3951 13,5401 16.0369
,0 A3 0,750 0,825 0,869 0,772 0,745 0,746 0,692
A4 0,748 0,737 0,883 0,595 0,434 0.311 0,245







a S H MI C ~ R E S I S T 1V IT Y 
a LHCP
SAMPLE SIZF * 37
NUMBER QF CLASSES .= 10
DEGREES GF FREEDOM = 7
X2 ( 0,99-0,95 ) * 19-14
QNIC ( CEMENTATION exponent >










































































































































































2 • 6 5 2 1 






























































































































NUMBER QF CLASSES 
DEGREES OF FREEDOM 
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NUMBER OF CLASSES 
DEGREES OF FREEDOM 
X2 ( 0,99-0.95 )
s s B s s x : 8 3 s : 5 8 e B s s 3 3 : 3 : : s s : 3 3 s ; s s s s 3 a 3 : s c 3 : s s s c s : 8 : e : : s l




« 19-= s SS 3 !-14
1.70 1.80 1,90 2,00 2,10 2,20 2,30
S B s s s a s s s s S . S B 8 S 3 S S B S S S S S S S s s s B s s e r s s S s S B S S S S S »111111a111111a uItItItIIIIIta
MEAN 42»866 49,360 57,408 66,925 77,486 89,875 104,126
S 10,3025 11,5580 14,0816 16,8312 18,7471 22,7343 26,8960
.0 A3 0.712 0,809 0,984 1.045 1,162 1 ,338 1,488
A4 *0,558 *0,072 0,232 0,646 1,147 1.611 2,373
X2 5,79 3,51 2,22 2,59 5,60 7,14 9,32
MEAN 36,814 42,479 48,355 55,808 65,086 74,516 85,839
S 9,0340 10,3130 12,0654 14,4901 17,3257 19,8926 24,5089
• 0 A3 0,977 1,188 1,344 1,507 1,542 1,688 1,754
A4 0,349 1,261 1.577 2,324 2,648 3.399 3,531
X2 3,83 6,25 8,82 7,18 6,45 7,42 8,73
mean 34,891 39,754 45,637 52,873 60.382 69,386 79,312
s 8,5619 9,8775 11,6389 14,1227 16,2014 19,6451 23,0568
• 0; A3 1,185 1,288 1,507 1.542 1,688 1,814 2,113
A 4 1,108 1.374 2,324 2,648 3,399 3,905 5,350
X2 2,83 8,73 7,18 6,45 7,42 6,72 9,01
mean 32,651 37,266 42,763 49,004 56.163 64,025 73,538
s 8,1950 9,4888 11,3211 13,9176 16,0296 18,9481 22,6535
A3 1,437 1,507 1,657 1.718 1.814 2,063 2,244
- . A4 2,056 2,324 2,988 3,350 3,905 5,088 5,915
X2 8 ? 39 7,18 8,44 5,72 6,72 8,17 10,36
mean 30,594 34.766 39,885 45,369 51,743 59,813 67,837
s 7,8600 9,3603 11,3533 12,9622 15,4910 18,6840 22,7507
• 0 A3 1.451 1,608 1,752 1,886 2,063 2,130 2,236
A4 2,030 2,837 3,248 4,094 5,088 5,358 5,764
X2 7,71 6,11 9,6? 8,96 8.17 9,45 11,87
MEAN 28,315 32,375 36,851 42.085 48.248 55,996 62,531
S 7,6555 9,2781 10,6135 12,5430 15,3070 18,4662 21,1583
fO A3 1,655 1.8Q3 1,886 2.063 2,158 2,110 2,299A4 2,966 3,402 4,094 5,088 5,333 5,32 8 6,998
X2 6,76 11,26 8,96 8,17 14,55 9,50 6,34
MEAN 22.055 24,573 28,373 31,519 34,774 39,424 43,727
s 7,8993 8,9736 10,6797 12,9237 15,7989 18,1257 21 ,8434
• 0 A3 1.680 1,780 1,804 1,838 1,942 1,976 2,135
A4 3,477 4,305 4 ,546 4,957 5.365 6,041 6,409






SAMPLE S U E  « 38











NIC H ( cementation expone NT )
1.70 1,80 1,90 2,00 2,10 2,20 2,3011it1111 : 5 r s 5 « s s ::s s 55ss sssssssssss : : ; s : s ; s ; SSBSSSSC SSS5SS3SSS s S s s s s =
MEAN 3 * ?- 2 7 8 3.3565 3,4893 3,6216 3,7512 3,8778 4,0062
5 0,2042 0,202 3 0,202 7 0,1998 0,2033 0,2015 0,1992
45,0 A3 0,380 0,45 2 0.508 0,559 0,581 0,542 0,831
A. 4 *1,031 -0,3 56 -0,622 *0,345 -0,198 -0.073 0,347
X2 2,09 3«71 2 ,50 2,43 3,62 3,02 4,31
MEAN 3,1058 3,2293 3,3545 3,4667 3,5852 3,7111 3,3339
S 0,1990 0,1953 0,1982 0,1981 0,1923 0,2028 0,2100
48,0 A3 0,344 0,555 0,782 0,791 0,946 0,921 0,990
A4 *0,427 -0.085 0,086 0,289 1,095 0,993 1,157
X2 2,62 2.37 5,02 3,89 3,67 2,49 3,40
MEAN 3,0569 3.1845 3,2893 3,4053 3,5259 3,6460 3,7686
S 0., 1939 0,1983 0,2025 0,1923 0,2042 0,2102 0,2181
4.9,0 A3 0,555 0.737 0,948 0,946 0,943 1,036 1.064
A 4 *0,065 -0,020 0,715 1,095 0,973 1,257 1,363
X2 2,3'f 4«12 5,00 3,67 3,56 3,41 3,98
mean 3.0115 3.1188 3,2270 3,3393 3,4592 3,5819 3,6983
s 0.1974 0,1965 0,1952 0,2023 0,2106 0,2195 0,2287
A3 0,737 1,039 0,876 1,036 1,084 1,084 1,090
A4 -0,020 0,875 0,912 1,257 1.363 1,363 1,591
X2 4,12 6,71 2.41 3.41 3.98 3.98 9,84
MEAN 2,9499 3,0528 3,1622 3,2764 3,3960 3,5031 3,6124
S 0,1976 0,2037 0,2006 0,2133 0,2228 0,2309 0.2391
A3 1,007 1,toe 1,062 1.016 0,994 1.120 1,159
A 4 0,708 1,354 1,362 1,342 1,368 1.712 1,887
X2 6,94 7,23 5,43 5,81 5.17 7,92 6,00
MEAN 2 , 8827- 2,98Q8 3,0973 3,2047 3,3176 3,4331 3,5392
5 0,2059 0,2053 0,2124 0,2235 0,2310 0,2.336 0,2514
A3 1,163 0,970 1,016 1.090 1.141 1.164 1,060
A 4 1,090 1,241 1.479 1.591 1,825 2,216 1,846
X2 9,14 5.54 6,28 9,84 8,47 6,23 4,72
MEAN 2,6301 2,7350 2,8427 2,9438 3,0416 3,1297 3,2178
S 0,2652 0,2853 0,3028 0,3152 0.3350 0,3548 0,3745
A3 0,229 0,194 0,000 *0,065 -0,155 -0,155 -0.155
A 4 0,789 0, 630 0,727 1.01 X 1.024 1.024 1,024
X2 3,62 3,84 5,59 5,76 6,19 6,19 6,19
T 1314 197
5£ a-4 SAMPLE SUE = 91
AMPLE a 1 NUMBER QF CLASSES = 10
QSS-PLQT b SnNIC-RESlSTIVITV DEGREES OF FREEDOM = 7
MHE ?» P X2 ( 0 9 99-fO s 95 ) « 19-14
IC M ( CEMENTATION EXPONENT )
1«70 1.80«*S«25532S
1,90 2,00 2,10 2, ?.n 2,30
MEAN 3334,2 12011,2 17265,5 24583,4 35231,2 51019,9 73913,4
S 4195,5 6236,7 9414,8 13641,4 19622, 1 28 821,8 42738.7*0 A3 1*418 1 ,424 1.352 1.238 1,271 1,329 1,342A4 1.875 1.914 1.707 1,161 1,403 1.541 1,519xa 48,25 53,78 41,29 38,95 33,59 39,32 40. 18
mean 7213,4 10274,5 14490,8 20999,9 29927,4 42800,8 60318,1s 38.43.8 ' 5638,4 7972,9 11627,4 17268,3 25426,7 35222,2• 0, A3 1*369 1.315 1,256 1,281 1,301 1 ,360 1,466
A4 1,836 1,62,4 1,410 1,490 1,430 I *49? 2,268
X2 49 9 14 40,34 37,4/ 37,54 38,49 42,94 32,31
MEAN 6826,8 9769,1 13751,4 19963,4 28198,3 39955,7 56168,5s 3754,4 532.4,0 7628,3 11051,7 16546,0 23084,6 33026.5, 0 A3 1,345 1,226 1,281 1,312 1,316 1 ,432 1,509A 4 1,725 1 ,236 1,490 1 . 6 0 6 1,434 1,814 2,628
X2 40,69 39, 98 37.54 39,43 40,33 40,98 26,59
mean 6497,6 915 8,4 13085,8 18768,7 26451,5 37238,2 32646,7
S 3564.1 5082,4 7311,5 10687,0 15830,5 21747,9 31289,6)»0 43 1,307 1 ,262 1,281 1,310 1,360 1 * 467 1.551
A4 1,642 I ,401 1,490 1.511 1,497 2,297 2,732.
X 2 39,99 36,62 37.54 42,18 42,94 32,90 32.29
M E A N 6160,0 8635,9 12488,3 17567.6 24972,1 34573,2 4891,8,1
S 3380,4 4803.1 6971,1 10350,3 15021,2 20454,1 29438,7,0 A3 1*211 ] ,286 1,286 1,299 1,386 1 ,509 1,526
A 4 1,219 1 ,522 1,522 1.405 1,565 2.628 2,662
X2 37, 19 38,24 38,24 37.16 43,85 26,59 30,37
MEAN 5816,9 8194,5 11664,9 16360,7 22702,2 32292,2 45762,4s 3213,3 4622,2 6745,1 98 36,5 13467,6 194130 ,7 27141,1,0 A3 1,237 1,281 1,307 1,383 1,485 1 ,550 1,476
A 4 1,394 1 ,490 1,483 1,617 2,494 2.704 2,489
X2 32,01 ,37,54 40,33 42,68 29,45 32,48 30,43
MEAN 5490,1 7772,7 11082,9 15463,B 21310,2 29897,9 42770,5
S 305 8,0 4441 .0 64 37 a2 9454,3 12714.6 1775 8,8 25981,6
.i,n A3 1.229 1.2 77 1,307 1.355 1,530 1 ,476 1,409
A4 1.39Q 1 .460 1,483 1.532 2,680 2 ,489 2,330
X2 33,43 35 ,60 40,33 42,30 29,97 30,43 26,74
T 131^ 198
SE ■. 4 ' SAN'PIE SIZE * 91
AMPLE a 1 NUMBER QF CLASSES = 10
OSS-Pl-OT a SDNIC-RESISTIVITY DEGREES OF FREEDOM = 7
MPLE a Pl/2 X2 ( 0,99-0,95 ) a 19-1A
a s s a s s s s s s s s b b s s e : : s : c 3 E ; c 8 S S B S S S S S B s s s s s s s s c a s n a s B s s a tiit11itI!HIIIIIt auu11iiti11it
IC M ( CEMENTATION EXPONENT )
1,70 1.80 1.90 2,00 2.10 2,20 2,30
s s s a e s s s S J S E B S S B S S S S S s S S S S B c s s s e s b :. 11 H II II 11 11 II II U SiSSsSSSS* s s s s s b s s s ti13IIItIIIIIIII
MEAN 87,358 105,442 126,531 151,676 181,273 215.542 257.786
S 21,0978 25,7525 31.59A6 38,8700 46,9176 59,0828 71,4466
,0 A3 0,670 0,630 0,599 0 ,606 0 ,662 0,594 0,557
44 0,724 0 ,739 0,691 0,659 0,896 0,853 0,881
X2 19,92 22,02 19,25 19.29 16.81 23,91 20,20
mean 82,031 97,794 116,240 138,481 166,302 198,712 236,167
s 2-0,8119 25,3249 30,6362 38,2750 46,8508 56,7796 67,7738
,0 A3 0,534 0,542 0,588 0,477 0,431 0,378 0,445
A4 0,533 0,575 0,709 0,720 0,681 0,636 0,897
X2 22,84 21,01 21.53 28,18 24,69 21,90 24,30
MEAN 79,488 95.189 113.467 135,592 160,902 190.991 227,673
S 20,4634 24,9578 30,0211 37,3364 46,1305 55,2718 66,1711
,0 A3 0,531 0,5U 0.531 0,386 0,42 2 0.389 0,355
A4 0,632 0,638 0,793 0,837 0,719 0,782 0,612
X2 22,72 20,43 19,39 25,15 25,29 20,78 25,70
mean 77,609 92,212 110,249 131*163 155,212 185,187 219,716
s 20,0188 24,7012 30,6757 36,9664 45,2089 54,5814 65,1725
• 0 A3 0,494 0,506 0,345 0,367 0,355 0,391. 0,334
A4 0,813 0,679 0,726 0,826 0 ,665 0,747 0,593
X2 25,34 20,94 24,93 22,91 19,19 21,14 22,53
mean 75,546 90,045 107,207 127,475 150,750 178,681 212,286
s 19,7438 24,7332 30,2830 36,4308 44,694 8 52,9196 63,6348
,0 A3 0,499 0,329 0,279 0,300 0,276 0,255 0,330
A4 0,707 0,690 0,753 0,650 0,620 0,527 0,635
X2 13,85 17,67 20,45 18,02 12,86 16,44 22,37
mean 73,290 86,989 103,317 122,291 145,694 172,233 204,078
s 19,6565 24,2765 30,0477 36,5233 43,7778 51,9318 62,5587
• 0 A3 0,458 0,401 0,279 0,289 0,258 0,229 0,330
A 4 0,684 0,671 0,758 0,738 0,710 0,567 0,635
X2 13,57 15,66 20,45 15,10 13,65 13,87 22,37
MEAN 71,654 84,213 100,204 118.577 140*661 166.920 197,292.
S 19,7572 24,2278 29,1457 35,9761 42,1132 50,7340 61 ,8063
,0 A3 0,306 0,279 0,316 0,222 0,121 0,168 0,243
A4 0,774 0,792 0,852 0,697 0,626 0,643 0,572











NUMBER QF CLASSES 
DEGREES OF FREEDOM
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a SONIC”r e s i s t i v i t y
SAMPIE SIZE 
















1.70 M < 1.80
CEMENTATION EXPONENT ) 
1.90 2,00 2,10 2,20 2,30
3SBSs 838SSS:SSSSSS s s s s s s s b s s s s s s b s .SSSSSSBSBSB s s s b s b s b BBSSSSSSSB SSXWSSB
MEAN 90.101 107,230 127,368 152,060 181,420 215.123 256,751
s 18,8053 22.8096 27,7697 33,6999 40,3431 49,7716 60,6825
• 0 A3 1.557 1.569 1,591 1,529 1,546 1.485 1,425
A4 2.557 2,615 2,640 2.581 2,825 2,624 2,439
X2 13,08 13,05 15,28 20.10 27,89 31,68 22,96
MEAN 82.985 97.989 116,538 138,479 164,620 195.721 231.809
S 17.8612 21.7166 26.4816 32,1027 39,1065 47,0093 57,5400
,0 A3 1,506 1.431 1,391 1.321 1,203 1,162 1,102
A4 2.691 2.712 2,425 2,358 2,212 2,329 2,109
X2 17,50 25,19 19,83 19,86 16,04 19,47 17.94
MEAN 79,960 95,321 112,637 134,317 159,686 187,402 222.272
S 17,6863 21.4224 26,306? 31,5840 37,6476 46,1774 55,2604
• 0 A3 1,504 1.389 1,289 1,179 1,143 1,202 1,207
A A 2,792 2.51Q 2,275 2,298 2.543 2,324 2,459
X2 29,14 21.57 20,76 19,92 25,26 17,80 15,46
MEAN 77,935 92,189 109,324 129,713 152,496 100,917 214,138
$ 17,7088 21,46q 2 25,3780 30,8128 37,5072 44,8766 56,0828
,0 A3 1,325 1,224 1.280 1,188 1,153 1,137 1,004
A4 2,292 2,245 2.495 2,352 2.331 2,407 1,864
X2 20,62 16,64 20,95 22,04 18,10 16,11 12,04
m e a n 75,521 89,369 105,246 124,184 147,370 173,810 204,424s 17,2712 20,7661 25,3412 30,1274 37,4837 45,4147 55,3889
,0 A3 1,351 1.226 1,153 1.196 1,041 0,985 0.916
A 4 2,310 2,469 2,331 2,586 1,994 1.938 1.820
X2 12,94 22.15 18,10 19,66 16,63 14,89 11.69
m e a n 73,222 86,385 101,758 119.063 141,141 166,092 196,126s 16,9508 20.2742 25.2244 30,5003 37,0258 44,7604 53,6139
• 0 A3 1.279 1,260 1,083 1,014 0,961 0.922 0,804
A4 2,307 2,449 2,142 2,100 1,991 1.946 2,020
X2 22,86 18,37 23,84 19,79 17,57 15,78 16.31
MEAN 65,875 77.315 90,909 106,101 124,840 146,720 172,636
S 17,0198 20,3077 24,2830 29,6687 35,5419 42,6871 50,9571
,0 A3 0,789 0,752 0,734 0,579 0,531 0,474 0.451
A4 1,892 1.973 1.938 2.023 1.983 1.920 1,906
X2 21,40 2 3,48 22,89 22,96 20,61 19,42 16,54
T 1314 202
ASP = 4 SAMPLE SIZE a 73
XAMPLE a 2 NUMBER OF CLASSES S 10
r q s s -pl'ot = SON I O RESISTIVITY DEGREES OF FREEDOM « 7
AMPLE a LOOP X2 ( 0,99" 0,95 ) s 19«14s a sesssses ssssssssss :::b s s ;s s :3 = 5 3 S s s ssssssssss ssssssssss sssssssss s 5 s S 3 S s
NIC M < c e m e n t a t i o n EXPONENT )
1,70 1*80 1,90 2,00 2,10 2,20 2,30ass s s s s a s astsssscs: ::se::s:sa S S B K 5 S S 3 S S S S 8 C S S S ssssssssss ::ssss::ts;s8iss
MEAN 3 ,888 7 4,0440 4,1949 4,3477 4.4991 4,6525 4,8050s 0,1666 0.1671 0,1691 0,1729 0.1763 0,1832 0,1860
0*0 A3 0*90? 0,950 0*928 0,766 0.726 0,503 0*457
A4 0*981 1*022 1,135 1*235 1,205 1.115 1.153xa 9,23 13,08 11,58 7,85 17,40 13,85 13.33
MEAN 3*8164 3,9715 4,1112 4,2626 4.4045 4,5494 4,69755 0,1713 0,1751 0,1796 0,1825 0,1928 0,1997 0.20833,0 A3 0,747 0,64? 0*583 0,445 0,299 0,157 0,043
A4 1.242 0,913 1,162 1.382 1,254 1,406 1,467
X2 7,74 12,77 16,78 12,59 12,37 14,49 9,83
m e a n 3,7959 3,9355 4,0875 4,2271 4.3715 4,5194 4,6748s 0,1745 0.1807 0.1821 0,1922 0,2.020 0,2114 0,2132
4,0 A3 0,640 0,509 0,353 0.243 0,077 *0,079 "0*266
A4 0.952 1,120 1.495 1,444 1,514 1,508 1.866xa 15,71 15,12 13,31 16,98 15,84 9,23 16.89
m e a n 3,7592 3,9100 4,0469 4,1938 4,3503 4,4878 4,6322
s 0,1846 0,1858 0,1935 0,2003 0,2063 0,2170 0.2268
55*0 A3 0,457 0,296 0*179 0,122 "0,192 "0,300 "0*507
A4 0,930 1,335 1,552 1,509 1.911 1,944 2,130
X2 13*14 15,13 17,83 10,97 17,88 17,85 9,92
m e a n 3,7310 3,8746 4,0262 4,1687 4,3076 4,446! 4,5859
s 0.1679 0,1954 0,2017 0,2095 0,2213 0,2247 0,2358
56,0 A3 0,284 0,149 »0 * 101 "0,310 *0,477 "0,616 "0,756
A4 1,393 1 ,457 1,747 2*140 2,196 2.944 3,083xa 19,61 15,38 10,32 20,16 10,37 13,95 13,52
m e a n 3,7034 3,8548 3,9878 4,1262 4,2665 4,4044 4,5528
s 0,1956 0,2018 0,2145 0,2222 0,2332 0,2425 0,2470
57,0 A3 0,062 -0,299 ■ «G,441 "0,627 "0,803 "0,997 "1,175
A4 1,701 2,347 2,370 2,867 3.147 3,63! 4,416
X2 12,33 26,58 15,89 12.82 13.82 15,94 22,55
MEAN 3,6069 3,7348 3,8803 4*0098 4, 1407 4,2886 4,4199
S 0,2386 0,2471 0*2646 0,2817 0,2941 0,3014 0.3141
60,0 A3 "1.445 m I , 5 8 3 «I,774 «1,844 "2.029 "2*394 -2,535
A4 5,931 6,833 7,202 7,217 7.931 9,882 10,555













d e g r e e s of f r e e d o m 
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SE = 5  SAMPLE S U E  = 52
AMPLE ... 1 NUMBER OF CLASSES = 10
OSS-PlQT « SONK«RES!STIV|TY DEGREES CIF FREEDOM = 7
MBLE = P1/2 X2 ( 0,99-0,95 ) ■ 19-19
3 a B 3 , G : 8 3 9 i E 3 B S B B : : 3 : s B e s l s 3 l 2 E : s 9 3 B 3 s a c : s z , E e s : 3 r : : s s e : 3 i S : s a s B 3 ; E c : c s
IC M ( c e m e n t a t i o n EXPONENT )
1,70 1,80 1.90 2,00 2,10 2.20 2,30
SE333338EE3B3BaSS3S33S333338BSES33 33 83a33333SBB33ESE3SB333333s3E3333 33 3
MEAN 100,611 115,165 132,068 151,452 174,001 199,172 227,567
S 21,5790 24,7980 28,0946 32,3337 36,9831 41,4981 46,6173
A3 0,682 0,718 0,702 0,700 0,700 0,729 0,801
A A 0,101 0,090 0,106 0,067 0,067 0,264 0,523
X2 B,18 8,22 9.14 8,36 8,36 4,17 3,27
MgAN ■71.925 81,115 91,310 102,599 114,867 129,780 146,274
s 14,3084 16,2397 18,0694 20,8557 23,2302 25,7657 28,3563
A3 0,876 0,B04 0,833 0,860 0,892 0,804 0,853
A A 0,792 0,661 0,775 0,599 0,782 0,731 0,978
X2 3.17 2,73 3,85 6,97 7.05 8,95 5.29
m ea n 66,201 74,172 82,49? 92,535 103,497 116,036 129,916
s 13,1871 15,1061 16,6921 18,3800 20,3378 23,2110 26,5959
A3 0,833 0,840 0,901 0,857 0,857 0.758 0,673
A4 0,775 0,595 0,845 0,856 1,038 0,804 0,595
X2 3,85 6,30 4,31 6,09 4,07 0,55 0,34
MEAN 59,792 66,752 74,175 82,949 92,111 102*744 114,268
s 12,0840 13.2318 14,9559 17,0126 19,7703 21,8703 23,9857
JA3 0,923 0,853 0,782 0,655 0,586 0,562 0,601
;A 4 0,812 0,978 0,857 0,613 0.314 0,339 0.519
X2 6,31 5,29 1,13 0,10 0,77 2,81 1,60
MEAN 53,872 59,557 65,797 72,883 80,917 89,543 98,724
S 10,9174 12,7027 14,0708 15,2619 17.0183 19,9039 22,7052
,0 A3 0,741 0,584 0,643 0,653 0,565 0,452 0,407
A4 0,862 0,364 0,417 0,605 0,579 0,105 -0,043
X2 0,98 0,76 3,00 0,94 5,42 5*96 5 ,89
MEAN 47,477 52,094 57,151 62,830 69,063 75,443 83,241
S 9,9273 11.2982 13,0365 14,9447 16,1644 18,1522 20,3807
.0 A3 0,647 0,515 0,480 0,370 0,343 0,284 0,208
A 4 0,657 0,375 0,132 -*0,025 0,183 0,189 0,074
X2 2,02 8,51 4,94 5,40 5,49 6,53 0.55
MEAN 34,577 37,033 40,142 43,193 46,649 50,867 54,870
S 9,7856 11,1275 12,2859 13,5530 15,3581 17,3679 19,7068
,0 A3 -0,055 *■’0 ,119 -0,195 wb.213 -0,213 -0,19 8 -0,170
A4 -0,099 wO, 146 '-0,137 — 0,169 *0.311 -0,356 -0,579




RD-SS^PlOT a shim IC-RES I ST IVITY
SAMPLE SUE 










CEMENTATION EXPONENT ) 




































































































































"0 « 300 
P , 4 8
3.6260 












































1 * 4 5
3,6212 
o,1804










































































































<SE a 5 SAMPLE SIZE = 65
AMPUL a 2 NUMBER OF CLASSES « 10
OSS-PLPT = SONIC-RESISTIVITY DEGREES OF FREEDOM = 7





c e m e n t a t i o n EXPONENT ) 
1,90 2,00 2,10 2,20 2,30
MEAN 17553,3 23491,0 31359,9 41658,5 55613,1 75163,0 99 850,4
S 6992,3 9274,3 12433,5 16934,2 22312,2 29967,5 39922,5
.0 A3 0,467 0,437 0,483 0,507 0,544 0 ,498 0,530
A4 * 0, 814 -0,833 -0,773 -0,789 -0,685 -0,781 -0.746
X2 8,44 8,80 8,59 11.87 13,44 10,58 11,05
MEAN 10021,8 12971,4 16721,1 21537,2 28101,3 36044 ,9 47266,6
S 4 Q 9 4 * 9 5352,4 6877..1 9197,0 12021,9 15597,0 20597,4
.0 A3 0,5SS 0,617 0,619 0,725 0,771 0.755 0,8.13
A4 -0,700 -0,598 -0,600 -0,509 -0,417 -0,431 -0,369
X2 8,71 8,27 10,82 15,04 16,00 17,84 21,85
MEAN 8761,8 11131,1 14354,8 18452,4 23773,3 30076,9 38930.3
S 3630,6 4664,7 6105,8 7971,2 10336.8 13739,7 18147.8
.0 A3 0,6 53 0,674 0,730 0,767 0,791 0.818 0.820
A4 rO,547 -0,556 -0,492 -0,375 -0,425 -0,370 -0,361
X2 8,92 13,09 15,05 15,04 22,00 17,58 18.20
MEAN 7447,4 9560,7 12131,8 15424,3 19712,2 24945 ,5. 31938.9
S 3178,4 415 3,8 5269,0 7041.3 9165,7 11867,6 15375.6
.0 A3 0,74 5 0,749 0,770 0,822 0,819 0.871 0,84 8
A 4 -0,405 -0,451 -0,427 -0,412 -0,378 -0.213 -0,209
X2 15,30 14,56 17,77 20,99 16,34 16,66 15,83
mean 6398,6 7915 ,9 10100,1 12804,8 16019,4 20077,8 25544.7s 2 802,4 3609,2 4680,5 6123,6 7837.5 10407,0 13360.8
• 0 A3 0,803 0,805 0,819 0,831 0,832 0,893 0,879
A 4 -0,328 -0,397 -0,378 -0,348 -0,269 -0,231 -0,226
X2 16,10 18,74 16,34 16,56 18,67 2». 17 32,07
MEAN 3449,2 4155.2 5102,0 6221,5 7712,5 9503,1 11681,8
S 1865,9 2.303,3 2991,4 3562.1 4978,4' 6218,9 7976,9
A3 0.871 6,978 0,98? 1 .100 1,064 1.09 5 1,2.44
A4 —0,245 r.,124 0, 179 0,328 0,224 0 , 406 0 ,912
X2 25.85 2 4,39 26,36 27.02 25,92 22,05 21.99
M E A N 1976,0 2285,7 2796,8 3354,4 4091,7 4947,3 5902,8
S 1387,1 1705 ,4 2137U 2620,2 3276,3 4080,4 5124,7
A3 0,975 1.107 1,213 1 .310 1,305 1.355 1,452
A 4 0,244 %  6 1 5 1,015 1,308 1,263 1 .375 1*661
X2 14,47 16,20 16.72 19,69 20,02 23,34 24,98
T 1314 207
SE » 5Ample ■ 2
U S S - P U Q T  == S D N ! C * R E S I S T I V J T Y
S A M P L E  S U E  N U M B E R  OF C L A S S E S  D E G R E E S  OF F R E E D O M
65
MPUE « P1/2 X2 < 0,99- 0,95 ) « 19-14s s5!S;83SSSS!S!S-S SSSSSSSSSS sasissiaas SSSSSSSSSSSSSSSSS ssssssssss nitiintitia
IC M ( CEMENTATION EXPONENT )
1,70 1,80 1.90 2,00 2.10 2,20 2.30
8 Ss::asss SSB8S8383 3S3SSSSSS .......... B3S3S5SS :s3,:s::s ssssssssss SSSSSSS
MEAN ' 130,587 151,287 174,1A0 200,447 231,628 268,007 310,990S 26 * 2646 30.2017 34,9000 39,6487 45,7615 52,3711 61,9567
• 0 A3 0.186 0.160 0.215 0,243 0,262 0,215 0,237
A4 *0,916 *0 9 906 ”0,951 *0,874 *0,869 *0,926 -0,930xa 8,34 9,66 11.86 13.68 12,65 14,09 12,37
MEAN 98,090 111,664 127,132 143,932 162,893 185,069 209,911S 19,4186 22,2569 26,2234 30.8875 35,6563 40,6603 46,9304
.0 A3 0.288 0,374 0,391 0,459 0,418 0,467 0.492
A4 *0.910 *0,854 -0.855 *0,839 *0,890 -0,790 -0,765
X2 11,19 10,12 8,08 7,98 7,64 a,4i 9,56
MEAN 91,746 103,683 116,975 132,106 149,788 168,814 192,169s 18,4969 21.9014 25,2563 28,3989 33.5897 37,5106 44,2458.0 A3 0,373 0,399 0,472 0,423 0,483 0,480 0,501
A4 *0,829 *0,853 -0,857 *0,840 *0,818 *0,860 -0,826
X2 7,68 5,84 8.26 '7,18 9.38 10,14 9,76
MEAN 84,885 95,012 107,354 120,220 136,165 154,669 174,348S 18,0562 20,8563 23,7908 26,6736 31,0335 36,4453 41,0008
.0 A3 0,471 0,393 0,474 0,480 0,484 0,511 0,558
A 4 *0,783 *0,899 -0.805 *0,860 *0,836 *0,850 -0,739
X2 6,83 7,66 9,54 10.14 9,86 12,54 13.36
MEAN 77,674 86,912 97,638 109,999 123,691 138,417 156,222S 17,2419 19.7432 22,2556 25,8572 29,2117 33,9027 33,9993
• o A3 0,438 0,540 0,464 0.491 0,569 0,579 0,612
A 4 *0,871 *0,753 -0,867 *0.878 *0,747 -0,758 -0,737xa 9,22 9,42 9,40 14,58 13,67 14,80 18,39
MEAN 56,647 62,070 68,406 75,572 84,147 92,685 102,643s 15,0265 17.4707 19,6273 22,5688 25,7234 30,0672 34,5150
A3 0,540 0,560 0,540 0,512 0,596 0,581 0,5*3
A 4 *0,803 *0,753 -0,688 *0,676 *0 ,462 -0,491 -0,434
xa 15,35 16,20 15,33 10,95 9,78 10,43 7,9 S
mean 41,476 44,922 49,250 53,574 58.394 62,971 68,588s 15,8158 17,9721 20.3087 22,8613 25,8045 28,8633 32,3736
• 0 A3 0,323 0,388 0,388 0,425 0,455 0,451 0,504
A4 *0,561 *0,545 ”0,545 -0 ,453 *0,422 -0,526 -0,430
X2 7,12 7.35 7,35 6,22 10,82 8,54 9,84
T 1314 208
CASEEXAMPLE
c r o s s -plot






NUMBER OF- CLASSES 
RESISTIVITY d eg re e s of f r e e d o m
X2 ( 0,99*0,95 )
= 65






CEMENTATION EXPONENT ) 
1.9Q 2,00 2,10 2,20 2,30
35,0

































































































































































































































































































NUMBER OE CLASSES 
DEGREES OF FREEDOM 
X2 < 0,99-fO, 95 )








cementation EXPONENT ) 
























































































































































































































































































































CEMENTATION EXPONENT ) 
1,90 2,00 2.10 2,20 2,30
SSSSSSSS s s s s ::s :b :XSS:SB;S33 b s b s s b ;S8s s :::::s c s :b b s ::ss :3s :b ;::e 3s ;:::b
MEAN 55.805 64,843 74,276 85,052 97,354 111,978 129,467
s 38,3113 45,3622 52,3199 61,0174 71,7004 83,3120 97.7216
.0 A3 2,252 2,219 2,337 2,367 • 2,421 2,503 2,534
AA 6,821 6,543 7,342 7.658 7,849 8,399 8,537
X2 49,86 46,70 45,66 49,50 51.80 51,60 52.07
MEAN 43,953 49,741 56,271 63,995 73,192 83,724 95,222
s 32,6210 37.8363 44,0431 50,6912 58.9128 68.4591 79,0560
• 0 A3 2,399 2,443 2,501 2,586 2,619 2.652 2 s 710
AA 7,828 8,134 8,352 8,947 9,100 9,258 9,717
X2 47,53 55,03 57,20 56,20 55,82 54,56 59,09
MEAN 40,646 46,084 52,248 58,893 66,757 76,591 8 8.443
' S 31.2724 36,3649 41,7541 48,4447 55,571.0 64,5183 75,6795
w'O A3 2,443 2,470 2,554 2,617 2,710 2,710 2,651A 4 8,134 8,216 8,798 9,057 9,717 9,717 9,216
X2 55,03 55,56 54,46 59,30 59,09 59,09 57,39
m ea n 37,560 42,438 47,669 54,181 61,977 70.489 79,179
s 29,8349 34.5919 39,8607 46,0757 53,3496 61,9130 71,2599
*0 A 3 2,492 2,521 2,617 2,651 2.651 2.650 2,739
A A 8,514 8,606 9,057 9,216 9,216 9,177 9,674
X2 57,73 60,29 59,30 57,39 57,39 63,01 64,96
MEAN 34,863 39,495 43,685 49,502 56.113 62,803 70,744
s 28,4909 33,2625 37,9314 43,8968 50,3668 57,2909 66,4120
,0 A 3 2,526 2.501 2,651 2,650 2,704 2.B53 2,854
A 4 8,704 8,352 9,216 9,177 9,534 10,491 10,424
X2 53,39 57,20 57.39 63.Q1 59,42 57,35 63,96
MEAN 31,914 35,820 39,700 44,561 49,696 56,554 63,961
S 27,5676 31,3706 35,8518 41,2750 46,9967 54,0719 62,3393
,0 A3 2,501 2.586 2,705 2,739 2,853 2,853 2,854
A4 8,352 8 ,947 9,573 9,709 10,456 10,456 10,424
X2 57,20 56,20 56,26 61,52 60,49 60,49 63,96
MEAN 28,721 31,91? 35,225 39,685 45,052 50,705 56,.100
S 25,9198 29,7013 33,5080 38,5116 44,1568 50,5359 57,8443
,0 A3 2,606 2,670 2,854 2.653 2.353 2.891 2,953
A4 9,133 9,406 10,529 10.491 10,491 10,690 11,056
X2 55,29 58,07 52.16 57,35 57,35 55,63 61,19
T 1314 211
ASC s 5 SAMPLE SIZE * 84
XAMPLE * 3 NUMBER GE CLASSES « 10
ROSS-Pl'QT s SOMIC-KESISTIVITY 'DEGREES DE FREEDOM = 7
'AMPLE « L0GP * X2 { 0,99-0,95 ) = 19-14
;]NIC M ( CEMENTATION EXPONENT )
1*70 1,80 1,90 2,00 2,10 2,20 2,30
ML AN 3.3241 3,4523 3,5781 3,6900 3,8132 3,9336 4,0541s 0,4861 0,4945 0,4959 0,4997 0,5004 0.5005 0,5090
A 3 0,470 0,467 0,460 0,491 • 0,519 0,520 0.504
A4 -0,409 -0,4 73 -0,418 -0,339 -0,299 -0,308 -0,350
X2 a, 85 9.08 8.08 6,48 7,27 10,20 11.17
mean 3,1103 3,2223 3,3224 3,4379 3,5475 3,6478 3,7641
s 0,5071 0,5210 0,5301 0,5291 0,5429 0,5473 0,553139,0 A3 0,513 0,495 0,513 0,457 0,432 0,422 0,438
A 4 -0,393 -0,442 —0,428 -0,380 -0,462 -0,442 -0,396
X2 12,23 11,48 12,46 9,34 11,45 12,37 10,66
M E A H 3,0372 3,1510 3,252? 3,3546 3,4696 3,5720 3,6879
5 0,5283 0.5328 0,5459 0,5466 0,5433 0,5495 0,5513
40,0 A3 0,496 0,449 0,441 0,430 0,439 0,440 0,498
A 4 -0,466 -0,439 -0,484 -0,422 -0,305 -0,257 -0,242
X2 14,0? 10,26 10,48 10,17 9,68 10,48 10,39
MEAN 2.9677 3,0674 3,1804 3,2908 3,3883 3,4894 3,5907
s 0,5413 0,5461 0,5417 0,5375 0,5441 0,5644 0,5794
41,0 A3 0,423 0,439 0 ,4 61 0,520 0,537 0,510 0,481
A 4 -0,454 -0,403 -0,325 -0,271 -0,245 — 0 e 334 -0,420
X2 8,77 8,24 12,09 12,74 11,20 13,55
MEAN 2,9022 3,0033 3,0914 3,1899 3,2817 3,3918 3,4917
S 0,5266 0,5437 0,5642 0,5765 0,5826 0,5983 0,6024
42,0 A3 0.514 0 .508 0.497 0,465 0,465 0,445 0,445
A4 -0,249 -0,347 -0,401 -0,433 -0,429 -0,514 -0,473
X2 11*29 13*83 12,81 10,50 12,35 13,32 12.35
MEAN 2,7978 2,9031 2,9915 3,0765 3,1730 3,2663 3,3522
s 0,5651 0.5762 0,5939 0,6106 0,6343 0,6551 0,6663
43,0 A3 0,478 0.460 0,449 0,436 0,309 0,278 0,274
A4 -0,390 -0,474 -0,506 -0,551 -0,527 -0,600 -0,575
X2 11 , 8 0 14,24 13,41 14,95 7,29 8,41 8,18
MEAN 2*686 6 2,7814 2,8695 2,9383 3,0399 3,1191 3,1853
S 0,6280 0,6366 n , 6503 0,66 80 0,6769 0,6954 0,7229
44,0 A3 0,230 0 ,168 0, 152 0,167 0,088 0.070 0,033
A4 -0,4 60 -0,393 -0,34 8 -0,363 —0,292 —0,324 -0,313
X2 5,87 5,47 7,04 9,04 7,43 7,96 9.29
T 1314 212
( I I I )  
DATA USED
T 1314
CASE * 1 > EXAMPLE * 1
SONIC RESISTIVITY CROSS * PLOT
NUMBER OP ZONES a 84































































































































































































CASE = 1 > EXAMPLE « Z
OEMS, - RESISTIVITY CROSS PLOT
NUMBER OF ZONES = 55
ZONE NO. MEASURED RES, MEASURED DENS,
(OHM-M) ( GM/CC )
1 8 000 2 a 370
2 8 000 2.460
3 6 600 2.460
4 6 600 2.500
5 6 600 2,445
6 4 700 2,350
7 4 700 2,390
8 4 700 2,380
9 5 000 2.380
10 5 000 2,430
11 - 4 700 2.360
12 4 700 2,420
13 5 900 2.375
14 5 900 2,350
15 5 000 2.325
16 5 000 2,365
17 5 500 2,320
18 4 400 2 ,420
19 5 300 2,350
20 5 300 2,400
21 5 000 2,320
22 5 000 2,420
23 5 000 2,380
24 5 000 2,350
25 5 000 2,325
26 6 000 2,335
27 5 000 2,365
28 5 400 2,300
29 3 500 2,435
30 3 500 2,420
31 3 000 • 2,400
32 3 800 2,390
33 3 800 2.420
34 3 800 2,450
35 3 700 2,400
36 3 700 2.470
37 1 700 2,330
38 2 700 2,390
39 2 500 2,350
40 2 500 2,370
41 3 800 2.410
42 3 800 2.355
43 4 000 2,400
44 5 700 2,430
45 12 500 2.370
46 10 000 2,370
47 11 500 2,330
48 U 500 2,380
49 10 000 2,340
50 10 000 2,360
51 4 8 00 2,410






CASE = 2 / EXA^PIE « 1
SONIC - RESISTIVITY CRQ5S * PIDT
NUMBER DF ZONES » 100
Z0NF NO, MEASURED RES, MEASURED SONIC

































33 0,2 63 110,000
























57 0 ,294 92,000


























84 1,330 101 ,000
85 1,330 102,000
86 1,330 102,500
8 7 2,500 102,500
8 8 2.500 102,500
89 i ,600 91,000
90 1 ,600 95,000
91 1,740 97,500
92 1,330 102,500




97 1 ,480 101,000
9 £ 1,480 100,00099 1.400 99,000
100 3.120 103,000
T 1311!
CASE = Z » EXAMPLE » 1
219
DENS, - RESISTIVITY CROSS - PLOT 
NUMBER OF ZONES * 100
ZONE NO. MEASURED RES, MEASURED DENS,







































































































































































































CASE ■ 2 > EXAMPLE * 2
221
DENS, * RESISTIVITY CRuSS - PLOT
n u m b e r HP ZONES = 100
ZONE NO, MEASURED RES, MEASURED DENS,
(UHM^M) { GM/CC )





































3 8 0,263 2,020
39 0,230 2,165
40 0,172 2, 125
41 0,172 2,160
42 0,157 2,125
4 3 0,157 2,165
44 0,167 2.180
































































































































































T 1311)CASE = 2 > EXAMPLE = 3
DENS, " RESISTIVITY CROSS PLOT 
NUMBER OF ZONES a 76
ZONE n o , MEASURED RES, MEASURED DENS.
(QHM-M) ( CM/CC )
1 0,667 2,310












































































CASE ® 3 / EXAMPLE n X
SONIC - RESISTIVITY CROSS - PLOT
NUMBER OF ZONES s 46

















































CASE = 3 # EXAMPLE * 2
SONIC - RESISTIVITY CROSS «■ PLOT 
NUMBER OF ZONES « 37
ZONE NO. MEASURED RES, MEASURED SONIC







































CASE » 3 > EXAMPLE > 3
SONIC - RESISTIVITY CROSS - PLOT 
NUMBER OP ZONES * 38




















20 7 , 0 0 0  7 0 . 0 0 0
21 6,500 68,000


















CASE « 4 > EXAMPLE a 1
SONIC -  RESISTIVITY CROSS PIOT
NUMBER DE ZONES a 91



























































































































































5 i 12 500 88 000
52 12 500 60 00053 14 000 87 00054 14 000 88 00055 14 000 88 ooo56 13 000 87 00057 13 000 89 00058 13 000 82 00059 13 000 85 00060 11 ooo 81 50061 11 0 00 89 00062 13 ooo 90 00063 13 000 90 00064 13 ooo 86 00065 12 ooo 86 00066 11 ooo 73 00067 12 ooo 87 50068 12 ooo 86 00069 13 000 83 50070 13 ooo 83 50071 16 000 88 00072 25 000 67 00073 18 ooo 84 00074 18 ooo 78 00075 34 ooo 72 00076 34 ooo 65 00077 28 ooo 76 00078 26 ooo 72 ooo79 26 ooo 75 000
SO 26 ooo 74 QOO81 26 ooo 76 50082 26 000 76 50083 30 ooo 83 000
84 23 ooo 80 00085 20 000 83 00086 14 000 87 00087 26 ooo 87 00088 26 000 83 00089 20 ooo 85 000
90 17 ooo 87 00091 19 000 84 000
T 1314
CASE « A I EXAMPLE a 2
230
SONIC « RESISTIVITY CROSS ~ PLOT 
NUMBER OP ZONES » 73
ZONE NO, MEASURED RES, MEASURED SONIC
(QHM-M) (MIC SEC/FT )
1 8 500 as 000
z n 500 a? 500
3 9 100 95 000
4 9 100 94 000
5 9 100 91 500
6 9 100 93 000
7 9 100 92 500
8 12 500 91 000
9 12 500 86 000
10 U 500 86 000
11 11 300 88 ooo
12 12 800 86 000
13 12 800 80 500
14 11 500 90 000
15 11 500 88 000
16 21 300 87 500
17 21 300 76 000
18 16 700 86 000
19 16 700 83 500
20 16 700 83 500
21 16 700 85 000
22 16 700 85 000
23 15 000 84 000
24 22 200 83 000
25 22 200 87 000
26 19 250 86 500
27 25 000 87 000
28 25 ooo 70 000
29 25 ooo 86 000
30 22 200 77 ooo
31 19 ooo 87 000
32 16 ooo 86 ooo
33 29 ooo 81 500
34 25 500 82 000
35 26 000 82 500
36 24 ooo 87 000
37 25 000 83 000
38 25 ooo 85 000
39 57 ooo 62 500
40 20 ooo 87 500
41 22 ooo 83 000
42 29 000 87 500
43 19 ooo 89 000
44 16 ooo 86 ooo
45 16 ooo 87 500
46 16 600 88 000
47 16 600 86 OQO
48 15 400 85 000
49 22 ooo 77 000

























T 1314CASE « 5 > EXAMPLE m 1
SONIC - RESISTIVITY CROSS - PLOT
NUMBER OF ZONES a 52































































































































































CASE * 5 t EXAMPLE » 2 233
SONIC » RESISTIVITY CROSS - PLOT 
NUMBER OF ZONKS e 65
ZONE n o . MEASURED RES, MEASURED sonic
(OHM-M) (MIC SEC/FT )
i 104 000 56 000
2 111 000 54 000
3 37 000 54 000
4 37 000 57 000
3 54 000 57 000
6 54 000 54 000
7 156 000 51 300
8 156 000 50 000
9 250 000 50 300
10 2.50 000 49 400
11 125 000 50 800
12 125 0 00 53 000
13 89 0 0 0 50 500
14 89 000 52 000
13 240 000 48 600
16 240 000 51 500
17 74 000 52 600
IB 195 000 54 000
19 195 000 51 700
20 135 000 51 700
21 118 000 53 800
22 U S 000 53 000
23 73 000 52 800
24 73 000 53 600
23 79 000 53 600
26 125 000 51 300
27 156 000 52 500
28 156 000 56 OQO
29 56 000 56 000
30 85 000 59 500
31 44 0 0 0 59 500
32 115 0 0 0 56 400
33 117 000 53 500
34 117 000 52 500
33 117 000 53 500
36 75 0 0 0 53 500
37 75 0 0 0 52 800
38 230 0 0 0 52 800
39 230 000 53 200
40 125 0 0 0 54 000
41 125 0 0 0 55 500
42 119 0 0 0 55 500
43 95 0 0 0 53 600
44 165 0 0 0 56 500
45 120 0 0 0 56 500
46 240 0 0 0 53 300
47 186 0 0 0 54 000
48 79 0 0 0 54 000
49 79 000 52 300
















































CASE ■ 5 f 6XAHPLH * 3
SHNIC - RESISTIVITY CROSS * PCQT
NUMBER OF ZONES a 84






















































































, 20 0  
, 2 0 0  
,500 
,000 
, 2 0 0  



































































































COMPUTER PACKAGE EMPLOYED IN THE STATISTICAL ANALYSIS
T 1314 238
OB Y.TEKINER,68040 3, 1,GP701,FQOI ST,15,80,0
BPRO DlSt NODECK
TRAN d IST
A P P E N D I X - 8
STATISTICAL ANALYSIS AND CHI"SQUARED FIT PACKAGE FOR NORMAL
distribution
MAIN program a READS THE DATA IN ANPPRI NTS RESISTIVITIES
LOG VALUES AND ZONE NUMBERS,AND CALCULATES STANDARD UNITS
Z*10Q PROM 0 TO 399 
DATA
XnQR»AREAS under the standard normal CURVE FROM 0 TO Z
ZTHEObSTAN'DARD UNITS Z FOR STANDARD NORMAL CURVE
RT*RESISTIVITIES
TaSONIC OR DENSITY LOG VALUES
MsLENGTH OF DATA (RTjT)
XMssPArAMETER M 
TM*PAftAM6TER QELTM DR DENS,
LaNUMBER OF H PARAMETERS
C OUT ION «- HEADINGS SHOULD BE P-EARRENGED IN THE CASE OF SONIC 
(OR DENSITY) LOG
NOTE - THE OUTPUT FORM OF THIS COMPUTER PACKAGE IS GIVEN IN 
APPENDIX A.
DIMENSION RT!2QO),T!20O),XM! 10),RT2( 200, 10 ) , SRI?- ( 2 00, 10 
*);A(200,10 ) , X16 R T 2 ( 2 00,10>,XFREO(21,10),XCLSSM(20,10),COUNT(20,10) 
*,XMEANtlQ),STDEV(10),Z<21,10),VAR(10),A3<1Q),R4<10), 
#ZTHEQ<400),XNC5R!4CQ),EXPFQ(20,10 ) ,CM ISQ!10},NPR<400)
READ 693,( NQR(I),Is1,400)
693 FORMAT!1615)













2 F P R M A T ! F 10 ,0 , F 10 , 0 )
READ 4,(XM(j ),J = 1,L )
4 FflRMAT ! 7F 10 • 0 )
T 1314 239
PRINT 22,CASE,EXAMP,M 
22 FORMAT ( .1H1, / / , 10 X, 6 H c A S E s,I3,12H , EXAMPLE = , I 3,// IOX,32HSONIC - 
♦RESISTIVITY CROSS - PLOT,//IOX,17HNUM8ER Op ZONES «, I4,//10X,
* 8 HZ 0 N F NQ • , 5 X ,13 H M E A $ u R E Q R F S , , 5 X ,14 H f ■ 6 A S11R E D SONIC,/25X,
* 7H(0HM-!MJ,9X, 13H(MIC SEC/FT ),//)
PRINT 72, ( I,RT( I),T! U ,  I*l-/M>
72 FORMAT ( UX, 13,9X,F9.3,9X,F9,3)
Pr in t 73,cas£,m,examp
73 FORMAT! INI, 5X, JL3HCASE - > 12,22X,23 M SAMPLE SIZE = ,
*I3,/6X,13HEXAMPLE *, I 2, 22X, 26HNUMRER Of CLASSES « 10,/6X,
*31HCR0S5-P LOT = SONiC«RESI ST I VITY,6X,26HPEGREES OF FREEDOM *
* 7 i / 6 X j| 18HSAMPLE s P ,19X,29HX2 ( 0.99-0,95 ) = 19-14)
PRINT 71
71 FORMAT  ......
PRINT 75
75 F0RMAT(5X,5NS0NIC,22X,26HM ( CEMENTATION EXPONENT )>
PRINT 74,! X M (I), 1 = 1,1)
74 FORMAT!16X,7F9. 2)
PRINT 76
7.6 FflRMAT(6)(;73Hsa55Ea5335SS5SSSSsSS5 = = S = SSSSSSS = 3 5SSSSS = SSSSSeSsS3a
‘777 FORMAT! /)
■ 3 F .0 R M A T ( 2 F10 * 0 )
1 88 READ 3,TM,FLAG
IP C FLAG) 99,99, 101 
99 CALL INTCPT(H,L,RT,T,XM,TM,RT2,SRT2,XLGRT2)
CALL S0RT.(M,L,RT2,TM,XM, A)
CALL FQ01ST(M,L,10, Xm , TM, A, XFR.gQ, XClSSM,COUNT, XMEAN, STDEV,
•̂ VA.R, A3, B4, Z )
5 CALL FIT!M,L,10,400,XH,Tm ,COUNT,Z,ZTHEO,XNOR,FXPFO,CHI SO)
PRINT 777




.s u b r o u t i n e i n t c p t (Nl,k l ,r t i ,t i ,x h ,t m ,r t 2,s rT2,x l g r T2)
THIS SUBROUTINE CALCULATES PX VALUES,AND SQUARE ROOT AND LOO 
TRANSFORMED VALUES nj= PX,
CAUTION - STATEMENT 5 IS
T 1,1 ( 11) = T 1 ! 11) - TM FOR SONIC LOG An O 
Til! 11)»TM-T 1! II) FOR DENSITY LOG
INPUTS
SEE SUB. INTCPT IN APPENf.)I»C 
OUTPUTS 
RT2**PX VALUES
S R T 2 = 5QUARE ROOT TRANSFORMED VALUES OF PX 
XLGRT2nL0G TRANSFORMED VALUES OF PX,








1 RT2 ( 1/ J )®P TK I }*RT2< 1/ J )
DO 4 j M «1 / K L
DO 4 IMsl/NL
X L G R T 2 ( I H  /  J N ) 5 A R 5 ( /U. 0 0 1 0  ( R T 2 ( I M / J fO ) )




S U B R H!! T T N F .SOHT(iM,K#;iTMjXH#A)
THIS SUBROUTINE SORTS THE INPUT DATA IN INCREASING ORDER, 
INPUTS
SEE SUB,  SORT I N  A P P E N D I X - ^
OUTPUT
Assorted data <pxA o gp x*qr px i/2)
DIMENSION 7.(200, IQ ),XM( 10) / A ( 200 / 10 )
DO 6 n  = UK 
DO 6 I*l/N
6 A( 1/ 11 ) as2 ( 1/ M  )
N A s N - i
DO 5 L * 1 /K 




2 IF(A(T/L). L T . A ( M / L )>M=I 
TEHP = A( J / . L )
A ( J i L ) » A ( M > L )





Subroutine f q o i s t(N#mjKjxmjTM/xxpat /XFPEQ/Xclssm/CdunT/Xmean,
* S T D E V t V A R / A 3 / B 4 / Z )
THIS SUBROUTINE PERFORMS A STATISTICAL ANALYSIS FOR FREQUENCY 
DISTRIBUTION OF THE INPUT DATA <PX.,10GPX>AND PXl/2) INCLUDE G 
CALCULATION OF SKEWNrSS,KURTOSIS,AND Z VALUES 
INPUTS 
Nslength OF data 
M=NUMB£P OF PARAMETER M 
K=NUMRFR OF CLASSES 
XMsPARAHETER m 







XM6AN*GROUP ED MEAN 
5 T Q E V e S T A N D A R 0 DEVIATION 
V A R - V A R 1 A N C F:
SKEWaSKEWMSS 
XKURT*KURT0SIS 
A 3 = C 0 £ P E IC I E N T OF SKEWNESS 
34»COFFPICIENT CJF KUrTOSIS 3,0 
Z*Z VALUES
DIMENSION X0ATA ( 200.» 10 ) * XM ( 10 ) * XFPfcQ ( 2 U  in ) , XXDAT ( 2C0, 10 ),
$ X C L 5 $ n ( 2 Q *10)/COUNT(20/10 > *XMEAN <10)^STQEV(10 ) # Z < 2 1*10)* Xn AT U  0 ) , 
# S U M (10)*XXMEAN{ 10 ) j» V A R ( 10 )  ̂C F P ( 2 0 ̂ 10 ) , SK £H { 1 n ) , XKUKT ( 10 ) > A 3 ( 10 ) * 
*R4<10)
PUT the INPUT data into F3,0 FORM
DO 9 I = 1 ,f N 
DG 9 J « 1 ?M
IF(XXDAT(N>J)^l,Q) 10 j 10*60 
60 lF(XXnAT(N/J)«10.r) 2 0*Z 0*70 
70 I F ( XX.nAT ( N* J ) ̂ 100 , Q ) 30*30* 80 
10 XOATA(I*J)=XXOAT(i,J)*IOOO.
GH TO 9
20 XDATA ( bJ) a X X 0 A T ( I, J )*IQQ,
GO TO 9
•30 XDATAU*J)=XXDAT( I*J)*10»
GO TO 9 
80 XDATA ( I j J ) aX'XDAT ( I*J)
9 CONTINUE
CALCULATES the class boundaries
KKbK+1
on 2 jsi*m
DO 1 !» 1*K
XDAT( J ) « (XDATA (M *  J )+l,0~XOATA( UJ ) ) /  FLOAT ( K )
X I ® I




CALCULATES THE CLASS HARKS
00 4 Jsl*M 
DO 3 Isl*K 
17*1+1
3 XC.LSSr':( U  J )*(XFREO ( I, J )+XFRFG< II* J ) ) /2,Q
4 CONTINUE
CALCULATES T{JE FREOUNCIES
S M b O . C
T 1314 2k2
DO 23 J*l/M 
D O  22 U K  
I I » I + 1 __
SM*0.0
D O  2 1  L « l / N
I'F (X D A T A  ( L / J ) . G T . X F R E O U / J ) ,A M D ,X D A T A (I,j ) ,IT,X E - P E Q (I U J ) )GU TO 7P 
GO TO 21 
78 SMeSM+1.0
21 C O N T I N U E
2 2  C O U N T {  U J ) » S M
2 3  C O N T I N U E
C A L C U L A T E S  T H E  G R O U P E D  m e a n
D O  13 J s U M  
XME AN{J ) =0,0
S C A L E  l = X Q A T A  ( M /  J ) / X X i ) A T ( r b vl )
D O  1 7  i = U K  
1 7  X M E A N I  J >=X.Mf'AN( J ) + C O u N T (  I, J ) * X C L S S M <  I, J )
13 XMEANIJ)sXMFAN(J)/(FlOAT(N >*SCAIE 1 )
C A L C U L A T E S  S T A N D A R T  D E V  t / V A R I A N C E  / S K E W N E S S  > A N D  K U R T O S I S
00 1 2  J a U H
S U M 1 = 0 , 0  
S U M  2 = 0 # 0 
S U M 3 =0,0
S c  A L E 2  = X D A T A  ( N /  J ) / X X O A T  ( N /  vj)
0 0  11 I = 1 / K
P P « ( X C L S S M (  U  J ) / S C A I E 2 ) " X M I : A N {  J )
P Z = A B S ( P P )
Z P P » P Z * * 2 . 0  
Z P * C D U N T ( I / J ) * Z P P  
Si)Ml = StjHi + Z P  
SyM2»SUM2+ZP#PP 
SUM3*5UM3+ZP*ZPP1 1  C O N T I N U E
V A R ( J ) = S U  M I / F L 0 A T ( N )
S T 0 E V ( J ) a V A R ( J ) # * 0 , 5 
S K E W ( J ) = S U  M 2 / E L 0 A T { N )
X K U R T ( J ) » S U M 3 / F L Q A T ( N )
Q Z » V A P ( J ) * S T D E V ( J )
A 3 ( J } s $ K E W { J J / Q Z
B 4  ( J ) = < X K U R T  ( J ) / ( O Z ^ S T D E  V ( -J ) > ) - 3  « 0
12 C O N T I N U E
C A L C U L A T E S  T H E  2 V A L U E S  
DO 15 J = !/H
S C A  L E 3 = > 0 A T A { N /  J ) / X X o A T ( K  J )
00 14 I = 1 /K«
1 4 Z ( U J ) » ( ( X F R E O ( I / j  ) / S C A L E S  )-XME A N  ( J ) ) / S T O P  V < J >
15 CONTINUE
T 1314 243
PRINT 99 3/  ( X M E A N ( I)/l3i;H); ( STQE V ( J ) / J a M ), jl / ( A3 ( II > j II = bH), (B4 
* < JJ > / JJ * 1 / M)




FTRAN F I T
SUBROUTI NE F I T  ( L / K / H j  I T #  XM# TH# COUNT 9 Z /  Z T K E D /  XNQR /  E X P F O / C H I  SO )
T H I S  SUBROUTI NE EMPLOYS CHI - r SQUARF p  TEST FQR NORMAL F I T  
I NPUTS
L - T O T A L  NUMBER OF ZONES ( FOR I N F O R M A T I O N )
KsNUMRER o f  p a r a m e t e r  m
MsNUMBHR OF CLASSES 
L T s 4 0 0  FOR NORMAL CURVE 
XMsPARAMgTER M
t m - p a r a n e t e p  o e l t h  d r  d e n s ,
COUNT=ORSERVED FREQUENCI ES FROM S U B ,  F Q D I S T  
1*1 VALUES FROM SU B ,  F Q D I S T
Z T H E O a T H E O R E T I C A L  I v a l u e s  f r o m  THE MAI N  PROGRAM
X N Q M A R E A S  UNDER THE STANDARD NORMAL CURVE FROM THE M A I N  PROG.
OUTPUTS  
E XPFQ b EXPECTED FREQUENCI ES  
CHI  SQb C H I s-SQUARED V A l UES
D I M E N S I O N  COUNT!  2 0 / 1 0 / 7  ( 2 1 /  10 ) /  ZTHEO ( 4 0 0  ) /  XNflR ( 4 0 0  ) /  XM ( 1 0  ) » 
* A R E A ( 2 1 /  10 ) /  6 X P F Q ( 2 0 /  10 ) / CHI  S O < 1 0 ) / P I F F ! 2 0 /  1 0 )
CALCULAT ES T H E O R E T I C A L  AREAS FnR Z VALUES 
CALCULAT ES THE D I F F E R E N C E S  OF THE AREAS
N = M + 1
o n  1 j = i / K
NSUMsO 
DO 2 I*l/N
IF!Z! I / J ) * L T » 0 , 0 ) NSi|M = N$Um+l 
2 CONTINUE 
DO 90 IX = 1 #N 
N Z s A B S ( Z ( IX/J) )*ioo,o 
Z(IX#J)=NZ
IF(Z <IX/J).IE,399,0) GQ TO 33 
AREA(IX/J)s 0,5 
GO TO 90 
33 DO 52 LL-l/LT
A F < Z < IX/ J) , E Q * Z T H ED (IL ) ) A R E A ( I X/J ) =Xf iQR ( L L ) 
5 2 CONTINUF 
90 CONTINUE 
N S M = N S U M + 1 
DO 9 KI= 2/N5UM
T 1314 244
9 DtPF <!1,J)=AREA< II/J)-»AREA(KI/J)
N N a M S U M + 2  '
DO 10 LJsNNjN 
IT«L1-1
10 D1 F F ( ITj J ) = AREA ( L I i J ) *̂ ARE A { I T^ J )
D I F F  ( f'.iS U M ? J ) = A R E A ( N S l j M / J  ) + A R E A ( N S M *  J )
1 CONTINUE
CALCULATES EXPECTED FREQUENCIES
DO 100 J = i/K 
DO 101 IsbM
i o i  h x p f q ( tjj ) = n i F F ( i ; j ) # f l o a t < l )
100 CONTINUE
CHI « SC'UARFr T E S T





$ U M 9 s 0 , o 
on 201 I = 1/ M
I F (E X P F 0{T ̂ J)* L T • 5 * 0 } G O  T O  6 0 9  
G O  TO 610 
6 0 9  S u M 5 a s u M 5 + E X P F Q ( l i j )
S U M 6 » S U ^ 6 + C n U N T ( 1,4 )
GO TO 201
,<610 P Z * < A B $ <  C O U N T  < I / J ) « E X P F Q (  1/ J) > * * 2 . - 0 ) / E X P F Q (  1/ J)
S V H 7 s S U N 7 * P Z
IF ( E X P F 0 ( I ,? J ) 9 G  E • 5 * 0 ) G O  T U  2 0 1  
- S U M 8 = 5 U  M 8 + E X P F Q ( 1,4 )
S U M 9 * S U ^ 9  + C D U ’>4T( I , J )
2 0 1  C O N T I N U E
I F ( S U N S , £ 0 , 0 , 0 )  G O  T O  6 7 0  
0 T s ( A B S ( S U M 6 ~ $ U M 5 ) # # 2 « 0 ) / 5 U M 5  
G O  T O  6 7 2
6 7 0  D T s O . O
6 7 2  I F < S U M 8 . E 0 , 0 . 0 )  G O  T O  6 7 1
GSa < AftS(SUM9-SUM8)**2.0)/SUMS 
GO TO 673
6 7 1  Q 5 * 0 , 0
6 7 3  S m s Q T + Q S + S U ^ 7 
2 0 G  C N I S Q { J I s S H
PRINT 992/(CHISQU )/I»l/K> 
99 2 FORMAT!1IX/2HX2/3X/7F9.2)
RETURN
END
